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| ABSTRACT 

A study was conducted in 1974-75 to determine the 
influences of diets containing high levels of barley straw 
on the performance of beef cattle. 

Maintenance diets containing 86% ground, pelleted 
or chopped straw and 5.7, 6.9 or 9.9% crude protein 
(moisture-free basis) were evaluated with 36 individually 
fed cows. The cows receiving pelleted diets tended (P< 0.10) 
to consume more feed daily, had a higher (P< 0.05) digestible 
energy intake and gained more (P < 0.01) weight during an 
84 day feeding period than the other groups. No significant 
differences were observed in feed or energy intake for the 
cows fed at the different dietary protein levels. The weight 
gain during the feeding period increased (P< 0.01) as 
dietary protein level increased. However, no differences 
due to treatments were observed for weight loss to post- 
calving or for calf birth weights. 

Twenty-four cows were individually fed 86% straw- 
based diets, supplemented with either soybean meal or barley 
based N-glucosyl ureide, containing 5.7, 6.9 or 9.9% crude 
protein (moisture-free basis). No significant differences 
due to dietary protein source or level were observed for 
feed or energy consumption, cow weight changes or calf 
birth weights. 

Three diets containing 78, 86 or 94% straw, but 
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Similar levels of crude protein, were individually fed to 

12 cows. Digestible energy intake decreased (P< 0.05) when 
the straw level of the diet increased. This resulted in 
decreased (P< 0.01) weight gains during a 105 day feeding 
period as dietary straw level increased. Weight losses 

Lrom: the start’ or the trial to post-calving were the largest 
Hor) thes croup: fed che high straw*dietw(P <° 0.05). Cart 
birth weights were not affected by the treatments. 

The final comparison in the maintenance study 
involved eight cows which were individually fed straw-based 
diets supplemented with 14% concentrate or 22% clover-brome 
hay. The concentrate supplemented group consumed more feed 
and protein (P < 0.05), gained more weight (P < 0.05) in 
the feeding period, lost less weight to post-calving 
(P < 0.05) and had a lower level of plasma free fatty acids 
(P < 0.01) than the hay supplemented group. No differences 
in calf birth weights were observed. 

The performance of 18 beef steers individually fed 
diets containing 40, 55 or 70% barley straw in isonitrogenous 
pelleted diets was examined in another experiment in this 
study. As the level of straw in the diet increased, there 
was a trend (P < 0.10) toward decreased average daily gains, 
and more feed (P < 0.05) but less concentrate was required 
per unit of gain. There was no difference among treatments 
in the amount of digestible energy required per unit of gain. 
Carcass weights decreased (P < 0.01) as did fat cover 


(P < 0.05) as dietary straw level increased. 
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The effects of weathering on barley straw were 
studied in the final experiment. Normal outdoor weathering 
appeared to decrease the cellular contents of the straw. 
Reduced voluntary straw intake (P < 0.05) and apparent 
digestibilities (P < 0.01) of dry matter, gross energy 
and nitrogen were obtained with sheep when rations containing 
weathered straw were compared with those containing fresh 


straw. 
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1. INTRODUCTION 

The production of cereal grains has long been 
recognized as a major segment of the agricultural industry 
of Western Canada. Straw has been regarded mainly as a by- 
product of grain production, although the weight of straw 
produced consistently exceeds that of grain for barley 
(Beaven, 1947), oats (Findlay, 1956) and wheat (Dubetz and 
Bole, 1973; Mack, 1973). 

As world population continues to expand, there will 
be an increasing demand for cereal grains. The impact on the 
beef cattle industry would be expected to be two-fold. 
Firstly, cereal grains will be available as a feedstuff for 
cattle only at increased prices, and secondly, increased 
cereal grain production to meet increased demand will result 
in larger quantities of the by-product, straw. 

Straw has been used as a feedstuff for cattle since 
the early days. It is now being used by a greater number of 
producers in Western Canada, although there are few detailed 
studies in which straw has been used as a major constituent 
of the diet. 

The purpose of these studies was to evaluate the 
use of high levels of barley straw in winter maintenance 
diets for dry pregnant beef cows and in production diets 
for growing and finishing beef steers. The nutritive value 
of straw which had been subjected to outdoor weather 


conditions for one year was also evaluated. 
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2. REVIEW OF LITERATURE 


2.1. COMPOSITION AND ENZYMATIC DEGRADATION OF STRAW 


To understand the problems of utilization of straw 
by ruminants it is necessary to review the composition of 
straw. In this regard, Van Soest (1967) has divided the 
organic constituents of forages into two fractions (cellular 
contents and cell walls) using a neutral detergent solution. 
Analyses have shown that the dry matter of straw consists 
of approximately 18 to 30% cellular contents, with the 
remainder being cell walls (Moore, 1966). 

Zoeller Contents 

The cellular contents include sugars, soluble carbo- 
hydrates, starches, pectins, nonprotein nitrogen compounds, 
proteins, lipids and other solubles, all of which are completely 
or almost completely nutritionally available to ruminants 
(Van Soest, 1967). 

Zetec. Cell Walls 

Van Soest (1969) considers cell walls to consist of 
hemicellulose and cellulose, which are partially available 
to digestion in ruminants, and heat-damaged protein and lignin 
which are indigestible. Heat-damaged protein does not occur 
Naturally. eine proportion of cell walls in the plant increases 
with maturity, thus the digestibility of organic matter 
decreases with maturity. The compostion of the cell wall 


fraction is also important. Ololade et al (1970) examined 
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the composition of the cell wall fraction of barley straw and 
demonstrated that there was slightly more cellulose than 
hemicellulose in his samples, and that 12% of this fraction 
was lignin. 
228e ele Oe TIMLOSe 

More than 50% of the total organic carbon in the 
biosphere is in the form of cellulose, a major constituent 
of the plant cell wall (Lehninger, 1970). It is composed of 
D-glucose units in which the linkage between units is 
B(1> 4). Ruminants have a dense population of bacteria 
and protozoa in the rumen which produce cellulases that have 
the capability of hydrolyzing cellulose to 8-D-glucose 
(Lehninger, 1970). In an aqueous solution 8-D-glucose forms 
an equilibrium mixture with a-D-glucose, which is the 
normal anomeric form of glucose metabolized by animals 
(White et al, 1964). Most of the hydrolysis of cellulose 
occurs in the rumen, however Church (1971) cites work showing 
that as much as 20% of cellulose digestion can occur post- 
ruminally. 

2. lee2eewr nemicel lulose 

In plant cell walls, densely packed ‘cellulose 
fibrils surround the cell in a regular, near crystalline 
arrangement. These fibrils are cemented together by a matrix 
of three other polymeric materials (pectins, extensins and 
hemicellulose) (Lehninger, 1970). Pectins and extensins are 
present in minor amounts and were included as cellular 


contents by Van Soest (1967) since they are highly digestible. 
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Hemicelluloses from grasses contain a main chain of xylan 
made up of 8 (1-> 4) xylose units with side chains contain- 
ing methylglucuronic acid (White et al, 1964). 

Micro-organisms in the rumen produce enzymes capable 
of hydrolyzing hemicellulose to monomeric units. Most 
micro-organisms involved in this process are the same as 
those which break down cellulose (Hungate, 1966). Little 
information is available concerning the mechanisms of these 
reactions, however Walker and Hopgood (1961) have isolated 
an enzyme from sheep microflora which is capable of catalyzing 
the hydrolysis of hemicellulose. Almost no digestion of 
hemicellulose occurs post-ruminally in the digestive tract 
of sheep (Bailey and MacRae, 1970). The availability of 
hemicellulose tends to be lower than that of cellulose as 
lignification increases (Keys et al, 1969; Van Soest, 1969). 

Zeul elie eal eain 

Lignin is the final major constituent of cell walls 
in plants; it consists mainly cof phenylpropane units: joined 
together by ethereal linkages and carbon-to-carbon bonds 
(Schubert, 1965). Animals do not produce enzymes capable of 
degrading lignin. All organisms which have been isolated 
that are capable of degrading lignin are xen and most 
are fungi (Schubert, 1965) ...There. is, thus, little .or moe 
digestion of lignin in the ruminant. 

Cross-linkages are thought to occur between lignin 
and other constituents forming a lignocellulose complex. 


Lignin thus not only acts as an inert diluent in feedstuffs, 
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but because of its close physical and chemical association 
with the cell wall polysaccharides, it frequently acts as an 
encrusting barrier which impedes the microbiological break- 
down of cellulose and hemicellulose (Pigden and Heaney, 1969). 

The lignin content of forages increases from about 
2% in immature forages to 20% in mature forages (Mowat et al, 
1969; Pigden and Heaney, 1969). The proportion of the plant 
occurring as stems relative to leaves also increases as 
plants approach maturity, and the lignin content of stems is 
consistently higher than that of leaves (Mowat et al, 1969; 
Kilcher and Troelsen, 1973). 
2.2. ~FACTORS AFFECTING DIGESTIBILITY OF STRAW 

The composition of straw affects the amount of the 
total energy which is available to ruminants. Composition 
is largely determined by the maturity of the straw. Other 
factors~such.as level. of feeding,) physical. form of ther diet 
and dietary protein level and source may also affect the 
digestibility of straw. 

Cyeads. Revel ofp heeding 

When ruminants are fed high levels of roughages 
there is a close association between the level,of feeding 
and the digestibility of the diet (Blaxter et al, 1961). 
Milne and Campling (1972) found a linear decline of 6 to 8% 
in digestibility when the intake of high quality hay was 
increased form 800 to 2000 g daily in sheep. In another 


experiment, a hay and concentrate diet (ist ratio): fed to 
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wethers resulted in a linear decline in organic matter dig- 
estibility from 74.4 to 68.6% as daily dry matter intake 
increased from 600 to 1400 g per day (Leaver et al, 1969). 
There is some evidence that digestibility decreases more 
with poor quality feeds, such as straw, when intake is 
increased (ARC, 1965). 

Experiments have demonstrated that increased 
levels of feeding result in increased rates of passage 
throuchathe rumen (Blaxter et alk, .1956).. This in turn 
causes the observed decrease in digestibility since the 
feedstuffs are exposed to rumen microbial degradation and 
digestive enzymes for a shorter period of time. 

eueued Mechanical Processing 

Ruminants normally consume forages in the long or 
coarsely chopped form, and by a combination of mastication 
and fermentation these are reduced in the alimentary tract 
to a finely divided state. The surface area and fermentation 
rate of forages are increased by mechanical grinding (Pigden 
and Heaney, 1969). Feeding high levels of ground material 
tends to allow the feed to pass through the rumen more 
quickly. This reduces the time that feed particles are 
exposed to rumen micro-organisms and the digestibility of the 
feed is lowered (Blaxter et al, 1956). 

pede sed roughages have been shown to be less 
digestible than the same material in the long or chopped 
form, when fed to ruminants. Milne and Campling (1972) 


found that the digestibility of chopped grass hay was 
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Significantly greater than that of pelleted hay, and that 
there was a highly significant linear decline in organic 
matter digestibility as the proportion of pellets in the diet 
increased. 

The extent of depression in digestibility can be 
quite marked. Pigden and Heaney (1969), for example, cite 
crude fibre digestibilities of 72 and 54% for medium quality 
timothy, and 46 and 31% for mature timothy in chopped and 
pelleted forms, respectively. Similarly, Greenhalgh and 
Reid (1973) found that low quality hay fed in the long form 
had a digestibility of 65.7% compared to 54.1% for the same 
hay fed in the pelleted form. Reduction in digestibility 
due to pelleting has also been reported by other researchers 
(Wallace et al, 1961; Alwash and Thomas, 1971; Beever et al, 
1972; Greenhalgh and Reid, 1974). 

There is little difference between the digestibility 
of ground and pelleted forages. Apparent digestibilities of 
58.5 and 54.3% were obtained for pelleted and ground diets, 
respectively, containing 30% wheat straw (Levy et al, 1972). 
Cloete and Rossouw (1970) found no differences in apparent 
digestibility between pelleted and ground diets. These results 
indicate that particle size is more important in determining 
digestibility than is the final physical form of the feedstuff. 

Pelleting or grinding may also affect the sites of 
digestion. In an experiment with sheep, the apparent 
digestibility of the gross energy of chopped, ground and 


pelleted roughage was similar at a maintenance level of 
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feeding but digestion within the small intestine was markedly 
greater for the ground and pelleted than for the chopped 
diet (Thomson etrah;s (1972). 

2.219. Protein. Level 

It has generally been found that protein supple- 
mentation improves the digestibility of both organic matter 
and crude fibre when a protein deficiency exists. Results 
obtained by Whitelaw et al (1961) and See eta al, C1970) 
indicate that this is true regardless of the type of diet 
which is fed. 

The amount .of crude protein required to stimulate 
maximum digestion of low quality roughage diets has been 
examined by several workers. Biuret added to a hay-based 
diet containing 4.5% crude protein increased organic matter 
digestibility from 48.3 to 56.4% when the crude protein level 
was increased to 7.4%. A further increase from 7.4 to 12.2% 
crude protein resulted in no additional improvement in 
digestibility in an experiment conducted by Fick et al (1973). 
Lyons et al (1970) found that crude fibre digestibility 
increased from 56.9 to 61.4% when the protein level was 
raised from 5.3 to 7.1% in diets containing two-thirds barley 
straw. A further increase to 9.2% crude protein in the diet, 
in this instance, raised the crude fibre digestibility by 
2.1 percentage eennee 

In a trial with oat straw containing 2 to 3% crude 
protein fed at 80 to 85% of the diet, Fishwick et al (1973) found 


that fibre and dry matter digestibility increased up to the 9% 
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crude proteinuiimit (of tthe trial. wAga@in it was found that, 
asin aiproduction function, the: first addition of protein 
produced the greatest increase in digestibilty. 

Zener 7 Proteim Source 

Rumen micro-organisms can utilize non-protein 
nitrogen as a nitrogen source for protein synthesis (Hungate, 
1966). Urea is the major source of non-protein nitrogen in 
general; use for cattle and sheep. Le teehee the release 
of ammonia. from urea is so rapid that it may not be an 
effective supplement for low protein roughages in some 
instances (Milligan and Young, 1972). They obtained results 
which indicated that non-protein nitrogen supplements may 
actually reduce dry matter digestibility under some circum- 
stances. 

Swan and Lamming (1968) found that the dry matter 
digestibility of a diet containing 30% barley straw was only 
70.2% when urea was used as a supplement, but was 75.3% when 
soybean meal was used as a supplement for wethers. Bhattacharya 
and Pervez (1973), however, reported that there was no effect 
on dry matter or crude fibre digestibilty when 0 or 2% urea 
replaced soybean meal in a 50% wheat straw diet. The 
evidence as to whether non-protein nitrogen supplements are 
as effective as plant proteins in improving digestibility 
of organic matter in protein deficiencey situations is thus 


inconclusive. 


2u2uboupplementalytimerscy 


Straw is a relatively low energy feedstuff, thus 
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additional sources of energy are normally fed in conjunction 
with straw in a diet. Often the source of energy is a cereal 
grain which has a high starch content. In such cases 
decreases in the digestibility of fibre may occur. In 

sheep, for example, the addition of 0, 60 or 120 g/day of 
starch and sucrose to a diet consisting of 600 g of low 
quality hay and biuret and containing 8% crude protein, 
resulted in cellulose digestibilities of 55.8, 50.4 and 48.2%, 
respectively (Fick et al, 1973). Corresponding organic 
matter digestibilities were 52.2, 53.3 and 56.6%. Similarly, 
the addition of starch to a steer diet with a high fibre 
level (74% wood pulp) reduced acid detergent fibre digesti- 
bility from 52.3 to 49.3% while dry matter digestibility 
remained relatively constant at 55.9 and 55.7% (Slyter et ai, 
LOT ED) 

In contrast to these results with purified starch 
or sugar, the addition of 15% barley to a barley straw diet 
did not affect the dry matter digestibility of straw fed to 
sheep (Kay et al, 1968b). Apparent digestibility of the 
total diet increased from 36.0 to 44.8%. Watson et al (1939) 
also found that the addition of hay caused no reduction in 
fibre digestibility when it was added to a straw diet. 

There is evidence that the reduced fibre digesti- 
bility when starch is fed, could be caused by a change in the 
rumen microbial population. Slyter et al (1971a) found that 
the inclusion of 13% starch in a diet reduced the number of 


cellulytic bacteria in the rumen and increased the total 
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number of rumen bacteria. Also, Hungate (1966) claims that 
the presence of sugar can inhibit the activity of cellulase 
knAVitEos 
2.3. FACTORS AFFECTING VOLUNTARY INTAKE OF STRAW 

The amount of nutrients available to ruminants 
is a function of the digestibility and the consumption 
of the feedstuffs from which the nutrients are obtained. 
The voluntary intake of straw is limited by the capacity of 
the reticulo-rumen and by the rate of disappearance of digesta 
from this organ (Campling, 1969). The rate of disappearance 
of digesta depends on microbial activity in the reticulo- 
rumen, the composition of the feed and particle size of the 
feed. 

203,10 9-RumenrCapacity 

Numerous experiments have been carried out to 
investigate how feed intake changes in response to changes in 
the volume of rumen contents. Transfer of ruminal digesta 
from a donor animal (Campling and Balch, 1961; Carr and 
Jacobson, 1967), intraruminal addition of feed (Greenhalgh 
and Reid, 1971) or removal of digesta from the rumen (Camp- 
ling and Balch, 1961; Carr and Jacobson, 1967) have all 
resulted in some compensation in feed intake. There is 
evidence that this effect is mediated by tension receptors 
in the ruminant Seoreicn (Iggo and Leek, 1969). 

2.3.2. Level of Low Quality Forage in the Diet 
McCullough (1969) fed levels of long hay ranging 


from 0 to 40% to steers. As the proportion of hay in the 
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diet increased, total intake increased up to a 20% level of 
hay, after which intake decreased indicating that although 
a certain amount of roughage stimulates intake, greater 
amounts cause a decrease in total intake. In a subsequent 
study, McCullough (1970) found no significant differences in 
voluntary intake ner of animals fed high or low 
quality hay. 

Total feed intake of wintering cows decreased 
when the proportion of oat straw in the diet was increased 
from 72 to 86% (Mathison, 1974b). The intake of straw, however, 
remained constant. Andrews ethane (1972) < also =found’ that 
when adequate protein was present in the diet there was no 
change in straw intake when the percentage of barley straw 
fedjwas increased fromy62 tos732 2 "Similarliy7*Blair et eal 
(1974) found significant decreases in total intake as wheat 
straw levels increased from 17.5 to 47.5% in diets for 
lactating dairy cows. Owen et al (1969a) observed that 
voluntary intake of lambs was uniformly depressed with 
increased dilution of the diet when ground oat husks were 
added up to 60% of the diet. Bines and Davey (1970), however, 
found no significant difference in intake among non-lactating 
cows as a result of feeding from 20 to 60% chopped straw 
in“their diet: 

It would thus appear that intake will be depressed 
when the level of low quality roughage in the diet is increased. 
With high roughage diets, however, the addition of small 


amounts of concentrate does not appear to affect the daily 
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consumption of straw. 
Bijeos ravsiceal Form of the Diet 

The effect of the physical form of forage-based 
diets on voluntary intake of ruminants has been observed by 
Wallace et al (1961), Knox et al (1964), Nicholson and 
Cunningham (1964), Wilkins et al (1972), Greenhalgh and 
Reid (1973,1974) and Mathison (1974a). All these workers 
found that as the particle size of the forage consumed de- 
creased, voluntary intake increased. This effect appeared 
to be most pronounced when low quality forages were fed 
(Minson, 1963; Greenhalgh and Reid 1973). In the Greenhalgh 
and Reid (1973) study the intake of a low quality hay nearly 
doubled, while the intake of a high quality hay increased 
only by approximately one-third when the diets were fed in 
the pelleted form instead of the chopped form. The use of 
pelleted diets instead of ground diets of the same particle 
size has resulted in variable effects on voluntary intake. 
Botkin et al (1957), Cloete and Rossouw (1970) and Beacom 
et al (1973) observed increases due to. pelleting, while 
Knox et al (1964) and Levy et al (1972) found decreased 
consumption of pelleted diets relative to ground diets. 

Grinding can reduce particle size to the point 
where the feed particles are small enough to pass the 
reticulo-omasal orfice immediately after entering the rumen 
(Pigden and Heaney, 1969). In such cases the particles need 
only absorb moisture to allow them to sink, thereby shortening 


the residence time of particles in the rumen. This in turn 
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would be expected to lead to increased voluntary consumption. 
2:3;4." Protein Level of the Diet 

Nitrogen is required by rumen micro-organisms for 
metabolism and growth (Hungate, 1966). In low protein diets 
additional nitrogen may stimulate increased microbial growth 
and rate of digestion in the rumen. Increases in digestion 
and passage rates in turn stimulate increased voluntary 
intake of low quality roughages (Coombe and Tribe, 1963; 
Pigden and Heaney, 1969). 

Numerous experiments have been conducted with 
sheep showing the effect of nitrogen supplementation on 
intake. Voluntary intake of poor hay increased from 510 to 
760 g/day when supplemental urea was increased from 0 to 12 
g/day in sheep (Pieterse et al, 1966). Jones et al (1973) 
reported that voluntary intake increased as crude protein 
was increased from 5 to 20% for wethers. With ewes, however, 
intake did not respond to crude protein levels beyond 10%. 
Coombe and Tribe (1963) found that urea added to the straw 
and molasses diets of sheep increased voluntary intake 
until the animals were in positive nitrogen balance. Beyond 
that level additional dietary nitrogen was excreted in the 
urine. 

Straw intake of steers was not affected by the 
addition of 75 g of urea, or urea and 1.36 kg of barley daily 
when a diet consisting of about 75% straw was fed (O'Donovan, 


1968). Similarly, Kay et al (1968a) found little evidence 
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of improvement in intake of barley straw (5 to 7% crude pro- 
tein) when supplemented with a source of dietary nitrogen 
(urea). Lyons et al (1970) found that daily allowances of 
iow Keo Concentra ce providing 4.83, 5.82, 7.20 or 9.91% 
crude protein in the diet of cattle resulted in a 25% increase 
in intake as crude protein increased to 5.82%, with no further 
increases at higher levels. Similarly, in work reported by 
Fishwick et al (1973) the oat straw intake increased by 20% 
when crude protein was increased to 6%. Higher protein levels 
stimulated no further increases. Wintering cows supplemented 
with protein increased voluntary consumption of brome grass 
hay (Clanton and Zimmerman, 1965). However, in one year when 
the crude protein of the hay was 8.4% non-supplemented cows 
consumed more than supplemented cows. 

In summary, it appears that cattle receiving low 
quality roughage diets, such as straw, will increase intake 
markedly until the crude protein level of the diet reaches the 
6% range. Sheep may require 2 or 3% more protein, 8 or 9% 
total crude protein, in their diet to reach near maximal 
intake. Beyond these levels, further increases in intake 
are small or nonexistant. 

2.4 UTILIZATION OF STRAW IN MAINTENANCE DIETS 

Straw can constitute a major portion of a main- 
tenance diet for cows (Morrison, 1956). Recent research 
information on the use of straw is somewhat limited. Some 
work has been carried out in Great Britain, along with a 


limited amount of research in Western Canada and the 
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United States. 

Kay et al (1968a) reported body weight changes for 
cows of -0.19 and -0.29 kg/day during the final 5 months 
before calving in two consecutive winters as a result of the 
daily consumption of 7.4 to 7.5 kg of long barley straw and 
2 kg of barley. No health problems were noted nor were any 
calving difficulties encountered, and Sree auen birth weights 
were lower than average in the first year of the trial, the 
calves were vigorous. In the second year, birth weights 
averaged 34 kg, 4 kg heavier than the previous year. These 
birth weights were considered to be normal for the calves in 
the study. . The cows had regained their winter weight loss 
and their weight loss at calving by the time they were rebred 
10 weeks after calving and no rebreeding problems were 
encountered. 

Bard wet abe( 1971) veonductedsa study in which a set 
of cows, beginning as heifers, were used in a series of trials 
completed in three consecutive years. During the wintering 
period from the first of November to the last week in April, 
the cows were fed diets containing 76 to 82% barley straw. 
The energy and protein supplements used varied from year to 
year but diets were equated in terms of energy. Barley and 
urea were the major supplements used. 

There was very little difference in performance 
among diets with losses averaging 55 kg during the £7.50 
180 day winter feeding periods which included the calving 


period. The weight loss was more than recovered during the 
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summer grazing season resulting in an average 45 to 50 kg 
yearly weight gain, with the exception of the first year, 
when the heifers only regained the weight lost over winter. 

Reproductive performance was very acceptable. In the 
third year of the trial, 10% of the cows conceived late and 
were replaced to maintain the calving period. In the other 
years, all 40 cows in the trial rebred in a 3 month breeding 
program. No health problems occurred in the cows in the 
study. Birth weights of the calves averaged about 35 kg and 
average daily gain from birth to weaning at 4 months was 
about 0.9 kg. No control treatment groups were included in 
this study, so comparisons with other feedstuffs were not 
possible. 

Jonneom (1972) *fedediets hich imioatisiraw tor thin 
beef cows at Saskatoon. Two of 48 cows fed diets containing 
89 to 91% straw subsequently died of abomasal impaction. 

This condition was described by Blood and B onder on (1963) 

as the blockage of the pylorus by fragmented, undigested 
straw that has passed from the rumen. The clinical syndrome 
is similar to that of vagus indigestion. Johnson (1972) 
concluded that the conditions most likely to cause abomasal 
impaction are low quality feed, thin cows, the onset of cold 
weather and an increase in feed intake. Following the deaths, 
the amount of straw in the diet was reduced to 2.7 kg/day for 
the maintenance period, and 4.6 kg/day during the late 
gestation and lactation period of the study. Comparisons 


petween a straw and grain diet and a hay and grain diet 
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revealed non-significant differences in weight gains, backfat 
changes or milk production for the cows, or in sex-adjusted 
average daily gains of the calves. However, the interval to 
conception was 13 days longer for the cows on the straw treat- 
ment. This was partially due_to a 7 day delay to first estrus. 
It was suggested that this delay was due to the stress of 
lactation and nutritional inadequacies of the straw diet. 

Cows voluntarily consumed 8.4 to 8.9 kg of oat 
straw in addition to 1.4 to 3.2 kg of concentrate daily in 
a trial conducted by Mathison (1974b), and this resulted in 
average daily..gains of from0.17 to.0.50 kg..-No.major 
change in straw intake could be attributed to differences in 
length of straw cut, level of supplementary energy intake 
or the addition of molasses or a liquid non-protein nitrogen 
Supplement to the straw. In another study, (Mathison, 1974a) 
cows receiving 81 to 89% barley straw gained 0.29 kg/day when 
cut straw was fed and 0.62 kg when pelleted straw was fed. 

Straw can be used as a major portion of wintering 
beef cow maintenance diets with no noticeable effects on 
reproductive and productive characteristics. In most 
situations no health problems will result, although under 
the conditions outlined by Johnson (1972) abomasal impaction 
may be a problem. 

Straw has been used in research trials of growing 
and fattening diets for feedlot animals at levels of up to 


70%. The results of these trials are summarized in Table 1. 
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All workers found decreased feed conversions as the levels of 
straw in the diet increased, however, the corresponding 
decreases in average daily gain were much less apparent. 
Thelavyerage daily gains of 1.29, 1.49 and 1.02 kg for steers 
fed diets composed of 30, 50 and 70% barley straw, respect- 
ively, by Swan and Lamming (1970) suggest that acceptable 
levels of performance can be obtained using high levels of 
straw. The relative costs of feedstuffs should determine 

the level of straw used in the diet. The level of straw 

fed will also be modified by the non-feed costs, since 


these costs are reduced when daily gain increases. 
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3. EXPERIMENT I. STRAW IN MAINTENANCE DIETS 

This experiment was primarily designed to evaluate 
the effects-of physical form and protein content of diets 
containing large amounts of barley straw on the performance 
of wintering dry pregnant beef cows. Straw based diets 
containing barley based N-glucosyl ureide (BBGU), hay and 
different amounts of concentrate were also evaluated in 
this experiment. 

3.1. MATERIALS AND METHODS 
i a Getle Aectien of the Experiment 

The experiment was designed to include 60 pregnant 
cows, in 15 different treatment groups, such that there were 
four cows per group. These cows were allotted to their 
respective treatments on the basis of weight, age and breed, 
so that animals among treatments were as uniform as possible. 

Twelve groups of cows (36 animals) were used to 
evaluate the effects of pelleting (P), grinding (G) and 
chopping (C) straw in diets containing low (LP), medium (MP) 
and high (HP) protein levels in a three by three by two by 
two nested factorial experiment (Table 2). 

In another facet of the experiment 12 cows were 
assigned to chopped straw diets ein which the concentrate 
contained three levels of BBGU (Mathison et al, 1974) (Table 
3)e Yinte part of “the experiment was analyzed as a two by three 


by two by two nested factorial experiment, using the 12 cows 
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TABLE 2. Formulation and composition of diets used in the 
study of the effects of protein level and physical form of 


the diet 

arn Protein level 
nee a eee ee ee em) Medium ew 
Barley straw 86.0 86.0 S620 
Barley £3 ad HOR Shel 
Soybean meal -- Pai SHORSG) 
Calcium-phosphate (18:20.5) Ores 0.25 O72 5 
Trace mineral salt 0.50 0.50 OF50 
Vitamin premix” 0.22 0.22 0,22 

100.07 999 iti ealh 

Analyzed composition (moisture-free basis) 
Pelleted diets 

Dry matter (%) OB eat OO Sire 

Acid detergent fibre (%) 43.9 46.3 Let 

Crude protein (%) 6.0 6.4 9.4 

Calcium (%) 0.54 0,44 0.65 

Phosphorus (%) 0.22 Or21 0.26 
Ground diets 

Dry matter (%) 932.0 93.3 O2e1 

Acid detergent fibre (%) 46.0 46.0 LO ek 

Crude protein (%) 5.4 6.6 9.4 

Calcium (%) 0.40 0,43 C265 

Phosphorus (%) Qe22 0,24 0,26 
Chopped diets 

Dry matter (%) 92.9 93%2 93.0 

Acid detergent fibre (%) 4.2 4.2 AY, 3 

Crude protein (%) Sey 6.9 10.3 

Calcium (%) 0.46 0.49 0,50 
ee eee rhospmomucn.( 9 a) | 5 Uae ae 0, 2 en ees 20. 2 ee 
T : ; : 


Expressed as % in total diet on a moisture-free basis. 
350, 0007 and, 27000. £U 


“Rach kg of premix contained 2,000,000, 
of Vitamin A, D and E respectively. 
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TABLE 3. Formulation and composition of the diets containing 


barley based N-glucosyl ureide 


Feedstuff- Protein level 
Low Medium High 
Barley straw 86.0 86.0 86.0 
Barley . iD aad: 10.3 See 
Barley based N-glucosyl -- ae 7.9 
ureide 
Calcium-phosphate (18:20.5) 0.25 O25 2 
Limestone -- -- 0.15 
Trace mineral salt 0550 0.50 O50 
Vitamin premix” O22 On22 ONZE 
LOO.07 99.97 99.97 


Analyzed composition (moisture-free basis) 


Dry matter (%) 92.9 92.9 92.7 
Acid detergent fibre (%) Wi .2 SAU Re Wy 2 
Crude protein (%) 5.7 6.7 9.9 
Calcium (%) 0.47 0.46 0.50 
Phosphorus (%) 0,24 Ones 0,26 


Expressed as % in total diet on a moisture-free basis. 


“nach kg of premix contained 2,000,000, 350,000 and 2,000 IU 
of Vitamin A, D and E respectively. 
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mentioned previously which received chopped straw and soybean 
meal, to obtain a comparison of the effect of the source of 
protein on cow performance. 

Eight more cows (two groups) were assigned to a low 
and a high straw pelleted diet. These diets contained 78 and 
94.2% straw respectively (Table 4). The performance of these 
cows was compared to the four animals used in the main part 
of the experiment which received the 86% pelleted medium 
protein diet in a three by four nested factorial experiment. 

The remaining four cows were assigned to a pelleted 
diet which contained 78% straw and 22% mixed hay (Table 4). 
The performance of these cows was also compared to the cows 
in the main part of the experiment which received the pelleted 
medium protein diet containing 86% straw in a two by four 
nested Pa eror ial experiment. 

The experiment commenced on December 7, 1974 and 
the feeding trial’ finished on March 21, 1975. The period 
from December 7 to 20, 1974 was considered to be a stabil- 
ization period. Similarly, during the period from March 14 
to 21, 1975 hay was fed to all cows’ to determine the change 
in gastro-intestinal fill on the various treatments. 

Seine. eperimenvel: Ulett 

The formulation and composition of the diets used 
in this experiment are given in Tables 2, 3 and 4, The 
parley straw used in these diets could be classed as average 
to good quality since it contained 4.9 to 5.3% crude protein 


on a2 moisture-free basis. 
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TABLE 4. Formulation and composition of the high and low 


straw diets and the hay diet 


Feedstuff. Straw level 
Low High 
Barley straw Poe 94.2 
Mixed hay“ eal os 
Barley 19.9 -- 
Soybean meal ‘haga 1.8" 
Calcium-phosphate (18:20.5) 2-20 OF 35 
Trace mineral salt C750 0.50 
Vitamin premix? SONGS Ome 
LOO 200 LOO 00 


Analyzed composition (moisture-free basis) 


Dry matter (f) bi Siena 
Acid detergent fibre (%) 40.5 PG 
Crude protein (%) (ee! Gc 
Calcium (%) 0.47 0.56 
Phosphorus (%) 0.24 0.25 


+axpressed as % in total diet on a moisture-free basis 


Hay 


9257 

48.9 
663 
0.62 
Oras} 


“Average quality mixed hay (13.5% crude protein) containing 


only clover and brome. 


FRach kg of premix contained 2,000,000, 350,000 and 2,000 IU 


of VitaminwA, Dvand E respectively. 


ew ’ r* 
.) ’ Pe ts, 
7 i oa 
« - rt ee ee Beaters, | Se ST 


~ . — . 
7h J [ts 
{ < 7 | » ‘ 


* ' ry ; s me BY r 


é a 7 
i " o fi, by my 
a” 3 ¥ is i : 2 EC ’ 
at f ” BSR BSE) 
Ay P' ) hee j { . =F ra 
: Sores SiS ot 
c ‘ as es A Vhs d 
af if) Le wA i HOLOO Ls, a 2h 
; 4 : mel aA whe 
: fas ie ee ps oT bas Sutil 
if 7 


= = 4 


fw cuir’ at a nae : 4 > ’ i, wey 
-F? Mw figs wi) ae YS ) (ra) suid 


* 
7 i. at lk Ro ed Of et a Ee all A I RR sae saarny nents 
a 


efard portlet weed © wo fei. Leto Ri Ae 


“al 


witeerdos Cilsceth tiga ts et) ‘eae: ae 
: ae c : poe Aa 
BPW Ee hap 007 HEF 100,005.53 Bondkeinios cl nee 


Vu Mor 1a, 438 vie bd ; 
. Vine Fu 3 See Ty 4 
F p ' 
4 ; fs 
, ‘ 
g \ 
- ‘ ' tic 
' 
’ 
Pl tee ; 
ae es 
2 ‘ ; : 
1 ; i 
' 


ra ee 


The pellets used in the study were prepared as a 
complete diet at a commercial plant by grinding straw and 
concentrate through a 4.8 mm screen and then pelleting with a 
6.4 mm die. These pellets were prepared about 3 weeks before 
the start of the experiment. Ground straw was processed 
at the experimental site through a Bear Cat hammer mill 
equipped with a 4.8 mm screen. A New Holland forage 
harvester was used to chop straw, and the resulting product 
averaged 60 to 70 mm in length. The ground and chopped 
straw were obtained from the same source as that used for 
the pellets. This material was prepared as needed during 
the experiment. The concentrate portions of the diet were 
prepared at the University of Alberta feed mill about 1 
month before the start of the experiment. 

For analysis purposes three composite samples 
were collected for each diet used in the experiment. Each 
composite sample was composed of a mixture of samples taken 
on three different occasions. The samples were finely ground 
with a Christy-Norris mill before analysis. 

3.1.3. Experimental Site and Facilities 

The experiment was conducted at the University of 
Aiberta, Beef (Cattle Nutrition Unit atthe Bilersiie;Research 
Station. The cows were kept in 12 pens at the facility. 

Each pen, which accommodated five cows, measured approximately 
4.0 by 7.6 m. Wind protection and overhead shelter was 
provided by the open front shed, which covered about one- 


third of each pen. A heated watering bowl connected to the 
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underground water system was located between each two pens, 
So that ten cows had access to each watering bowl. 

| Bach pen was equipped with six stanchions, five 
of which were used to confine the cows individually during 
the feeding periods. The sixth remained open to allow ad 
libitum access to salt and mineral when the cows were not 
confined. Similarly, the concrete feed bunk in front of 
each pen contained five feed boxes to allow for measurement 
of the feed consumption of individual animals. 

The scale for weighing the cows and the cattle 
Squeeze for restraining the animals during blood sampling 
and medical treatment were located directly adjacent to the 
feeding barns. 
3.1.4. Animals and their Management 
To achieve the prescribed conditions of the design, 

a group of 60 cows which had been pregnancy tested by the 
staff at the ranch were selected from the University of 
Alberta beef breeding herd (Berg, 1975). The cows were 
from 2 to 10 years of age. The breed composition consisted 
of ten purebred Hereford cows and 50 cross breds involving 
the Angus, Brahman, Brown Swiss, Charolais, Galloway and 
Hereford breeds (Berg, 1975). Hair coat colours were 
variable. The live-weights of the cows ranged from 375 to 
592 kg, with a mean of 486 kg, on November 27, 1974, 5 
days after the cows arrived at the experimental Site from 
the University of Alberta ranch at Kinsella. 


A 1:1 mixture of calcium-phosphorus mineral and 
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trace mineral salt was offered on an ad libitum basis. A 
Pimikdose! Containing «15,000,000 TU tof Vitamin A;.150,000 IU 

of Vitamin D and 1,000 IU of Vitamin E was given intramus- 
cularly on November 27, 1974. Water was available ad libitum 
except during the time of confinement for feeding and 

prior to weighing. 

From December 6, 1974 until March 21, 1975 all 
experimental cows were managed similarly. Each cow was 
offered her daily diet in an individual stanchion and was 
allowed 2 to 3 hours each morning and afternoon (between 0800 
and 1130 hours and between 1330 and 1630 hours) to consume 
the feed. Wood shavings were provided as bedding. Following 
the experimental feeding trial the cows were transported 
back to the University of Alberta ranch where they were 
subsequently returned to, and managed with, the main herd 
(Berg, 1975). 

321.5. sMeasurements 
301.5010) Climatic. conditions 

Daily minimum and maximum temperatures were obtained 
from the Atmospheric Environment Service at the Edmonton 
International Airport located 15 km south of the experimental 
site. Routine temperature checks indicated that there was 
little variation between these temperatures and those obtained 
at the experimental site. Daily mean temperatures were 
calculated as the mean of the maximum and minimum for the day. 
Degree days, as a measure of cold stress, were calculated by 


totalling the number of degrees the mean daily temperature 
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was below -15 C during the test period and dividing by the 
number of days in the period (Dietz, 1971). The value of 
-15 C was selected as it approximates the likely critical 
temperature of the type of animals in the experiment 
(Webster et al,—1970). 

Bvizoee. Feed, enersy andsprotein intake 

the’ cows were Ted an amount such that some of the 
feed offered remained after the feeding period on most days. 
Ne eed required tor feeding that arternoon and for the 
following morning was weighed and recorded as one amount 
each day. Once a week the feed remaining after feeding 
was weighed and removed from the individual cow's feed 
box. The weekly feed intake for each cow was calculated by 
adding daily feed provided and subtracting the feed weighed 
back. 

The daily digestible energy intake of cows in the 
physical form and protein level study was calculated by 
multiplying the daily feed intake by the digestible energy 
concentration of the diet as determined by digestibility 
trials using sheep. As all nine diets were-not included ‘in 
the digestibility trials, the digestibility of eross\ energy 
for the pelleted and chopped diets at the low and medium 
protein levels was assumed to be decreased by the same 
proportion as was found for the low and medium protein levels 
in the protein level study using the ground straw diets. 

The daily digestible crude protein intake was 


calculated by multiplying the crude protein intake by the 
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%@ digestibility of nitrogen found in the digestibility 
trials, using the same type of adjustments as had previously 
been used in the energy calculations. 

In the protein source and level trial, the daily 
digestible energy intake was calculated by multiplying daily 
consumption of cows by the digestible energy concentrations 
of the chopped straw diets, as previously determined in the 
digestibility trials. It was assumed that there was no 
difference in digestibility due to protein source (Martin, 
1976). The digestible energy concentration used for the 
calculations in the straw level trial were NRC (1969) average 
values for the concentrate portion and the value calculated 
for pelleted straw fromthe digestibility trial for the 
straw portion of the diet. 

Bal aa) JCOWAWeLen cS 

The cows were weighed at weekly intervals during 
the experiment with the exception of January 3, -1975 vand 
March 7, 1975. In the former case, the water supply had 
been restricted for 2 days before the regular weigh date, 
as repairs were being made to the water lines. In the 
latter case, feed had been restricted to the animals during 
2 of the 4 days before the scheduled weighing to facilitate 
collecting blood samples and attempting to collect rumen 
fluid samples. In addition, the cows were weighed on 2 
consecutive days when the test commenced and upon its 


conclusion. In every case, the weights were taken in the 
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Morning before feeding and after the cows had been kept 
away from water for 16 hours. 
R.1p5.4.. Change in  eastro-intestinal -fitl 
The change in weight of individual cows during the 
first 2 weeks on the test diets was calculated to obtain an 
assessment of the effects of high straw diets on gastro- 
intestinal fill. The cows had previously been consuming 
about 8 kg of good quality hay per day. At the end of the 
trial the cows were again switched to a hay diet and the 
change in weight during this week was determined. It was 
assumed that the weight changes during these periods predom- 
inantly reflected change in gastro-intestinal fill. 
Jricdn 5s Depth of subcutaneous fat 
The depth of skin and subcutaneous fat were measured 
at four sites on each cow, using an ultrasonic probe 
(Krautkramer Ultrasonic Flow Detector, type U.S.M. 2). 
Measurements were made by the same operator on December 3, 
1974 and on March 17, 1975. The measurement sites were at 
the MtPencandti2thnerib-area at 6rtand el 5tem, frometherddrsal 
medialnilineyionithe shouldérvandson the*nip at 8*cem from 
the dorsal medial line. The mean fat depths were derived 
from the average of the four sites measured. 
3.1.5.6. *Blood constituents 
Twenty ml of jugular blood were taken from each 
cow 11 days before the completion of the experimental feeding 
period. The blood samples were taken in the morning before 


feeding. Heparinized vacuum tubes and 20 gauge Vacutainer 
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needles were used to obtain the blood samples, which took 
about 2 minutes of restrained time per animal. Immediately 
following sampling, the samples were refrigerated at 2 to 3 C 
for 2 to 4 hours. The samples were then centrifuged to sep- 
arate plasma and the plasma was removed with pasteur pipettes 
and stored frozen in plastic vials. The plasma samples were 
Subsequently analyzed for plasma urea nitrogen and free fatty 
acids. 
Outmoy (om (POs u=Calving informa tion 

The birth weight of each calf in the study was 
taken within 24 hours of birth. Cows were weighed at this 
time as well. 

Gad.oeo. OLeesti bility OLeune diets 

Digestibility measurements were carried out with 
sheep using ground straw and three dietary protein levels, 
and using the high protein diets prepared in the three 
different physical forms. 

Twelve Suffolk wethers were individually housed 
in metabolism cages at the Metabolic Unit of the University 
Farm in Edmonton. Four sheep received each of the three 
diets tested at one time in a three by four nested factorial 
designed experiment. The experimental animals received the 
test diets in a once daily feeding each morning. The sheep 
were allowed 7 days to become accustomed to the diets offered. 
The level of feeding was then adjusted to provide one-half 
of the digestible energy required for the maintenance of 


each sheep. This was calculated using the formula presented 
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by the National Research Council (NRC, 1968), and the weight 
of the individual wether at the start of the trial. The 
sheep were fed at this level for 14 days. 

During, the last 6edays of the trial, the total 
feces produced by each sheep was collected and weighed once 
daily. Samples, representing a constant proportion of the 
daily fecal output of individual sheep, were dried ina 
ZOrCce-Grart oven at 55 € for 72 NMours. Then the six samples 
for each sheep were combined to make one composite sample. 
Each sample was finely ground using a Christy-Norris grind- 
ing mill and was stored in a plastic sample cup. 

3.1.5.9. Chemical analyses 

he Gry macter contenurot feed and feces ‘samples 
was determined by the AOAC (1965) method. Gross energy in 
feed and feces was determined by means of a Parr oxygen 
bomb calorimeter. Cell wall content was determined by the 
neutral detergent fibre method of Goering and Van Soest 
(1970) as modified (Appendix I). 

Acid detergert fibre, calcium, phosphorus and 
nitrogen analyses were carried out by the Alberta Soil and 
Feed Testing Laboratory in Edmonton. The method of Goering 
and Van Soest (1970) was used in the determination of acid 
detergent fibre. The acid detergent fibre contents of the 
concentrates were taken to be the average crude fibre content 
(NRC, 1970) divided by 0.85 (Martin, P.J., personal com- 
munication). Crude protein (N x 6.25) was determined by 


Technicon Methodology No. 218-72A. 
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3.1.6. Statistical Analyses 


Analysis of variance and regression analysis were 
performed using computer programs available from the 
University of Alberta Computing Centre. In the case of 
missing data, the missing observation was taken as the mean 
of the remaining animals in the treatment (Hardin, R.T, 
personal communication) and the number of degrees of freedom 
for animals within treatments was decreased by one for each 
missing observation. The average number of observations per 
mean for calculating the standard error of the mean was 
calculated using the harmonic mean procedure of Winer (1971). 
Duncan's New Multiple Range Test (Steel and Torrie, 1960) 


was used in comparison of means. 
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-2. RESULTS 
Breve Animal Health 

Most of the animals remained healthy throughout 
the experiment. Two cows, however, died during the first 
half of the experimental period. 

One cow on the ground, medium protein diet 
went off feed on December 24, 1974, three days after a 
blizzard. The cow showed rumen distention along with the 
other symptoms of abomasal impaction as outlined by 
Johnson (1972). The cow did not respond to treatment and 
died on January 1, 1975. The animal was submitted to the 
Alberta Veterinary Services lab for examination. Death was 
found to be related to atherosclerosis resulting in stoppage 
of blood flow to the rumen and cessation of rumen function. 
There was no evidence of abomasal impaction. 

On January 19, 1975 a cow receiving the high straw, 
pelleted diet went off feed, and died the following morn- 
ing. The diagnosis from the Veterinary lab was that death 
was related to extreme distension and size of the rumen, 
causing circulatory difficulties which would probably have 
resulted in disseminated intravascular coagulation due to 
impaired circulation. 

One cow on the pelleted diet supplemented with 
hay continually refused to consume the diet on a regular 


basis. The cow appeared to remain healthy throughout the 
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trial. However, due to the poor feed consumption, the 
results of this cow's performance have not been included 
in the data. 

Although the cows were pregnancy tested, three 
cows later proved to be non-pregnant. The results from 
these cows has been, however, included for all measure- 
ments except the post-calving data. 

.2.2. Climatic Conditions During the Experiment 

The mean monthly temperature in December was 
6.9 degrees above normal, making it the third mildest 
December since 1880. For much of January temperatures 
were above normal, with the exception of a cold period 
arom January 7 to 12, 1975." February was colder ‘than 
normal despite the mild conditions in the latter half 
of the month. The first half of March was also colder 
than normal with the coldest temperature for the month 
being recorded on March 10, 1975 (Prusak, W., Atmospheric 
Environment Service, personal communication). The mean 
daily temperature during the trial was -11.6 C as compared 
with -13.4 Ciinesthe trials of Dietz (1971).." The number 


of degree days of cold stress was 30.4 compared with 16.3 


WM thespilecz (197i) trial. 
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3.2.3. Effects of Physical Form and Protein Level of Diet 


During the trial it was observed that there was a 
wide degree of variation in weekly feed consumption for the 
cows receiving the P diets. Several of the cows, particularly 
those receiving the HP diets, refused to consume any feed for 
periods of 3 to 4 days at a time, at varying intervals 
throughout the study. This was evidenced by a highly 
Significantly (P < 0.01) greater standard deviation of weekly 
feed intake for the P diets (Table: 5).<« In addition the Low 
intake produced low weight gains in the treatment group 
receiving the pelleted high protein diet. This resulted ina 
highly significant (P < 0.01) interaction between physical 
forms and protein levels (Appendix Table 1). Thus the data 
was also analyzed for protein effects when the P diets were 
excluded. This analysis showed no interaction between the G 
and C diets and protein concentration in the diet (Appendix 
Table 2). Both methods of analysis are included in the 
following tables. 

The mean daily feed intakes of 10.7, 9.6 and 9.3 
kg for the P, G and C diets, respectively, approached 
(P < 0.10) a significant difference (Table 5). When daily 
feed intake was expressed on a metabolic weight basis the P 
fed cows consumed significantly (P < 0.05) more feed than 
the cows fed C diets. The daily intake of digestible 
energy was 18.8, 15.6 and 17.7 Mcal for the cows fed P, G and 
C diets respectively. These intakes were significantly 


(P < 0.05) different from one another. No differences in 
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protein intake were found. 

There were no significant differences in daily feed 
intake of the cows fed diets containing different amounts of 
Supplemental protein when this was determined on the basis of 
actual consumption or on a metabolic weight basis, nor was 
there difference in digestible energy intake when the P diets 
were either included in or excluded from the analysis (Tables 
5 rand 16)’. 

The differences in the change in gastro-intestinal 
fill at the start and the end of the feeding trial due to 
either physical form of the straw or dietary protein 
concentration were not significant (Tables 7 and 8). The 
change’ in fi11 was less. at the end of the trial than at the 
start, with the mean changes being 23 and 32 kg, respectively. 

Differences in cow weight changes after the time 
when fill adjustment had taken place to the end of the straw 
feeding period caused by the different physical forms of the 
straw were highly significant (P < 0.01) with mean gains being 
34, 21 and 16 ke for the P, Gand .C diets, respectively 
(Table 7). | Increased qtetars protein concentration resulted 
in more winter weight gains in the cows (Table 8). 

There were no significant differences in calf birth 
weights or in the weight changes of the cows from start of 
test to post-calving due to either physical form of the 
straw or dietary protein level (Tables 7 and 8). 

Subcutcutaneous fat depths were not significantly 


affected by the treatments for either the initial or the 
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final measurement (Tables 9 and 10). The mean fat depth of all 
cows at the start of the trial was 4.0 mm and at the end was 
3.7 mm so that there was a slight loss of fat depth during 

the trial. Changes in fat depth caused by physical form of 

the diet (Table-9) or protein levels (Tables 9 and 10) were 
also (not, sileniticant, 

No significant differences were found among the 
treatments for the level of plasma free fatty acids, although 
slightly higher levels were observed in cows fed C diets than 
Py thescovci fede or G diets (Table 9). sAlso, slightly higher 
free fatty acid levels were measured in the cows fed LP diets 
than in the MP or HP diets when the P diets were included 
(Table 9). When the P diets were excluded, the MP diet had 
the highest free fatty acid level (Table 10) although this 
difference was not significant. 

There were no significant differences in the levels 
of plasma urea nitrogen of the cows due to the physical form 
of the straw (Table 9). In contrast, the urea nitrogen 
level increased (P < 0.01) as the level of dietary protein 
increased. 

There were highly significant (pe 20,01) dit ferences 
in dry matter digestibilities of the diets due to the 
different physical forms of the straw (Table 11). The mean 
values were 42.6, 53.1 and 49.0% for the P, G and C diets, 
respectively. Highly significant (P < 0.01) differences 
were also found in the digestibilities of gross energy, 


cell walls, acid detergent fibre and nitrogen. In all cases 
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the digestibility of the P diet was the lowest, the C diet 

was intermediate and the G diet was the highest. The 
digestibility of acid detergent fibre was slightly lower in 
all cases than the calculated digestibility of cell walls; 

the difference being 2.6%. The values for the G diet must be 
considered with reservations, however, since in the subsequent 
digestibility trial involving protein levels, this diet had 
digestibility coefficients similar to the P’ diet of this 

nriam@ (Table 12). A different time period and different 
animals were, however, involved. 

The protein level of the diet had no significant 
effect on the apparent digestibilities of dry matter, gross 
energy, cell walls or acid detergent fibre (Table 12). The 
mean nitrogen apparent digestibilities of 23.6, 38.1 and 58.9% 
for the LP, MP and HP diets, respectively, were highly 
Signmtiicantiy €P < 0.01) different from one another. 4 In 
this study the digestibility of the acid deveroent fibre 
fraction was 5.8% less than that calculated for the cell walls. 

3.2.4, Effects of Protein Source and Level of Diets 

The mean daily feed, energy and protein intakes 
of the soybean meal (Soy) and BBGU supplemented diets were 
not significantly different from one another (Table 13). 
Similarly, no feed and energy intake differences were found 
due to dietary nitrogen level while crude protein intake 
increased (P < 0.01) with protein content of the diet 


(Tabies 13). 


There were no Significant effects of dietary 
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protein source or level on the change in rumen fill at 
either the start or the completion of the feeding trial 
(Table 14). The mean change in fill was 31 and 20 kg at 
the start and completion of the test, respectively. 

Weight gains during the feeding trial were 16 and 
9 kg for the Soy and BBGU supplemented diets, respectively 
(Table 14). The mean weight gains were 9, 11 and 18 kg 
for the low, medium and high protein diets, respectively, 
during the 84 day feeding period. 

Calf birth weights and weight change of the cows 
from the beginning of the trial to post-calving were not 
affected by protein source or level (Table 14). 

There were no Significant differences in subcut- 
aneous fat depths of cows due to. either dietary supplemental 
protein source or level for either the initial or the final 
measurement (Table 15). There was a slight loss in fat 
depth throughout the feeding period, as evidenced by the 
4,3 and 3.9 mm mean fat depths at the start and end of the 
study, respectively. 

The levels of plasma free fatty acids were not 
affected by protein source or level (Table 15). The 
levels of plasma urea nitrogen appeared somewhat, although 
not significantly higher, for the Soy diets at 25.3 mg/100 m1 
of plasma than for the BBGU diets at 22.8 (Table 15). Highly 
significant (P < 0.01) differences due to protein levels 
were found (Table 15). The mean values for plasma urea 


nitrogen concentrations for the low, medium and high protein 


LP J \ i { 4 


0 
“OT 


» Ae my - a 
ja weit ‘at agiews 
-% oo ia ib ‘a rad bt 5 AAs | ti tiebes ay), 
: a 
F; ae die Pr ae gl 
i> 6 34.05 Satie Se eo oo a 
Sf =e =) Pal. 70) 4 a 
ain Pelee DER 
iy ae ty ey, Pt 
Pe ae ae 
‘ Fr. . ae! : 
‘ ofc =m Bis its vipat allie 
t > > 
t fs | 7 
eee al, : a P 5 
4 : } 


a 1, ¢ ¢ ae aa 4 
degy: : witty vere cata favet =e. anion tboteng e { 


a2 6 | le a + Nes 


4 (3 apie et nd sHwenoe: Betyg: agirs eomeenid Sheri: Autre he % miever 
We ag # a * is os Im van ES Ri TE, i aba pita ep oe & 


ae es Y 


a see Ris wie) 2 #8) re ae dit Oey ae 46 Z tal somal > 


pagel dot Jea iat aia tag, Geis S 2); tr 
ue fasirs aa igpreee ee og: Pro Shu 


52. 


*potied SUTpeesy MeIZS 9yug FO Sfkep 
qT SATE OUZ OpNTOUT YOU SS80p STUL “HT YUOTeM 01 OZ Tequeoeq wousy potaed Aep 4g 9uy JOY t 


"JuezetTtp (S0'O > d) 
ATAUBOTITUBTS VOU 9Te 4BUL SONTBA SOYeOTPUT UOTZOES YORE JO MOT oes oy uT 4d Taz9oszedns eS 


C 2 elt ase g BON = e6e (24) JUSTEM UJATQ FTeO 


TT G 6 C 6 Z G (Sy) SutTateo-ysod 
Baa en 3 om all 01 9 Jequedeg 
WOTF SSOT ZUSTOM 


€ nce ele Cas € £02 6T (34%) 4Ss0eq JO pus 
Fe LTTE Teutzse ut 
-OJ4Ses UT 9Sevat00q 


CG eee Boe As, S Ze O€ (s4¥) 4809 fo 42448 
$e TLTF Teutysequrt 
-OJ4See UT eSseaToUr 


d aot Ein 26 9 26 oot (25) ) Weesue uals Venom 
aT Bees 2ees AS qT £1GG anes (S¥) FUSTOM TeT4 TUL 
ee ae eS ee ee en Re 
JOIIa usTH ~° wNTpep MO'T LOLS ada Ko 
PASpUue LS PLEPUeLS 
TeAeT UTSeLOTg Ss0un0s UTe1,07g 


ee—a—eoereoooeooas$S<S<~<~<aS~<—S“$S$—~—_—_—_—_ eee 
SMOOD 04 post SUTeq eptean TASOONTS-N peseq ALoTAeq AO Teow 

uveqkos BUTUTe{UOD SJeTpP peseq-mMeILS WOIT SUTZTNSeT SOATBO JO SYUSTOM UZATGQ pues SMOOD FO TITT 

Teut {se ,ut-o74Ses UT sesuByo ‘seBueyo UsTOM ‘SsqUSTOM JO SAJOTZa pxepuer1s pue suo “oT STAVE 


isi ti a 


’ x 
a a ; | 


ww 
2 

ay 
ee] 

* 

% 
x 

- 
ry 


= a tg A AO SS _- 
+ 


(ine ltieaia ron 29a°7 Bas es Lee. gate eae es id= oar Aa > ae 2 eae 


) | ; . ME i Fe a 


= 


no#R 


“at teor 205 Sirians a4 Saini ists ee SC en OS 


536 


*saeedde Je44eT owes oy. USYM QUeTEeTTTp (GO'O> d) 
ATZUBOTFTUSTS JOU OTe 4eVYY SONTeA O4VOTPUT UOTJOSS YoORe UT MOT ouleS ey. UT sydtTzosaedng Bs 


i= 

65 Aas 9°61 Ae: G'T ORCC uenon Te (eusetTd Tu oo, /#u) 

| a ; USeFOIZTU eoIN euseld 

HT" 0 meu © 7.0880 2690 0 eo 0 ees 0 (cuseTd Tu/sejou nt ) 

sptoe Aqyyey oocy wusetd 

47° 0 ic Onae a0: OO: = €°0 Be OR aii (uu) esueyo uydep yeq 

9°0 een re 05S wale Ge S*0 ge 0°0 (um) uydep yey TeUuTa 

8°0 71 C Ont Loa 9°0 ao Tm Re te (wu) ugdep yey TeTy TU] 
TOILE UsTH wntTper MOT JOIL9E adag fog 

piepuey gs piepueyzs 
TeAeT UTEe107g - 907nN0S UTe107g 


SS SS ee ee ee ee ee ee ee eee eae ee 


— SS SSS SS a a a SS oT ES 


eptein TASOONTS-N peseq AeTIeq TO Teew uveqfos 
Jeu, TS ULTM pejUeueTddns sqeTp peseq-Mea4{S pes SMOD FO sUOTZeIQZUSOUOD USeSOAZTU een puUe ptoe 
Ajyesy eoty eusetd ‘sesueyo uydep yer ‘suydep aez Fo saogze prlepuezrs pue suvey, “ST ATGVL 


easel | = tip 

‘ie mm! ype! _ sid 7" 
lao ee ay on icone aialiillaeaivaiipeie—Srapamremplaes: esl ae 

eS el a oe ae sr ss FE et em 

a a os Pe 

Us Zz > i tae =e 

Pots. Se ees cate: “BSAA | TES peek 


— a TE ON PB 


- gM, oo OE eee or 
Ba ~ =." A = eee 


aes en a, 
ap aaa rs 


a q zs F ‘ = | . 
= a c ) e =" U a ve —_— ; 7 > a, - = : : _ x3 
* . A Siar Se : _ se ' x 
r ds t & te oe Spat». 5 ; J = ef Fae ‘ ts thay 
f ; ‘> ee ee: a Mere: 
: ache t eS Sheree sf we dete ey "i 
- - 
r ie ; aes es 
; i 7 : 
: : ; oe oe 
fe 
7 ‘ oe = 
; i 
5 - 
4 iS 
a | 7 
- \ { 
; aa r ¢ 
{3 I _ 
ee a ‘i 
! 
‘ ae 
: ; fi 
; LY ae 
t 
‘ : 


54, 


diets were 13.3, 19.6 and 39.3 mg/100 ml of plasma, respectively. 
wwe Mebecius of Straw Level of Diets 

The mean daily feed consumption was 12.6, 11.6 and 
Ow ke, sonnt08, 102 and 86 g/ke weight?: 75 for the low straw 
(LS), medium straw (MS) and high straw (HS) diets, 
respectively (Table 16). The latter of these two results 
approached a significant difference (P <0.10). Similarly, 
there were no major differences in straw intake by the cows 
on different diets (Table 16). However, the daily intake of 
digestible energy decreased (P < 0.05) as the level of straw 
in the diet increased (Table 16). No significant differences 
in dietary protein intake were observed. 

Mean increases in gastro-intestinal fill, at the 
Start or the tests tended (P <0#10) tojdecrease as the 
straw level in the diet increased (Table 17).. There were 
no significant differences among treatments for decrease in 
fill’ at the end of the ‘test. 

The mean average weight changes during the 84 day 
feeding trial’ of 46, 61:and 50 kg-for the IS, MS and HS diets, 
respectively, approached significance (P < 0.10) (Table 17). 
However since the increase in gastro-intestinal fill at the 
start of test was not uniform and the decreases at the end of 
test were uniform, the weight change for the 105 day feeding 
period is the most realistic indication of the effects of the 
treatments. In the 105 day period weight gains decreased 
(P < 0.01) as the level of straw in the diet increased. 


Calf birth weights were not affected by straw 


. 
— 
‘ 
4> 
— A a | wal 
ra « 


Ps cas Seach te, “sahied as aot, 
t ; ; 4 : a ; ee 


i S<! 7 iC a ; =a 2 it ane oy J ane A eet om 


ae at =f 


ait a 


= as 
1 


55+ 


"savedde 199997 owes eo, USUM 1USTEeTTIp (S0°0 > d) AT 
-JUCOTITUSTS JOU 91e 4eUL SONTeA O4BOTPUT MOZ oWeS 949 UT sydtTazoszednsg 


q-e8 

90°0 69°0 69°0 €8°O (24) eye .UT 

4 e bs utezorud epnazo ATtTeq 

9°T OT Cie G*t2 (TeoM) eyequt Asir9sue 

a ne = eTatysestp ATTeC 

fj T8 48 €9 (c)*oUSTOM BY /3) 

fe 2 i en Metis ATTeq 

€°0 eee 20 OT =O (24) eYeVUT MeIZS ATTeq 

g, 278 gor p8OT (C2 +qtUsTOM 33/2) 

| eYeLUT psessy ATTeq 

6°0 ee 6 eo eel (SH) eyequT pees ATTeq 
JOLIZa UusTH UNT PS MOT 

PASPUELS 


TeAeT Mere 


MbI4S 
FO STOAST 8074} SUTUTE{UOD SJYeTp pes SMOOD AJOJ stseq pes se ue UO SyeLUT 
ute,ozd pue Asreue ‘mer4s ‘pees JO saorze pazepuriys pue sues], “OT AIAVE 


od fo. "aye 4 eae 
fis oo Cie 


Esaee Se ee ee ee, et oe - om ae os (oe oe 
as 7 ~ rr a Pe ec << Ee a bs i> a 7 oe, 
We ans a In = can i) eee Ppt aste me nests “ii 
a iF = . ’ ~ ~ ‘ oa = = » 
ay eal ot ie P 4 _ = 
a a . t ‘ - ie oot bes 
-. a a ; : aa ‘ a. BESS e, 
i > al alr. x 5 POR yay 
A on i 7 
7 7 7 a coea” | +e he ie ‘ i 
: ; 2. Ena ee es 
eee a, : Ae Enteade A ST 4 Nene 
Pd — Soa : e ; : 


; = ee oe . = hee 2S SS e = 
_ = = 
2 rm 7 = 
Pts Pica t a. To: aes So-P S at Ma oe WS ees A” a? 2G") bits 
es - —-2 ant . . ve af 7f + ad F 
(SiesgeS 9s Set orl tare FHslss Lemie 2 a) . 
> i 7 a * 4 7 
Pd el 
‘ « . 
: Pe 
; 
te a 
¢ 
: ‘ 


Exsy 


‘TZ Ute OF 9 Aequedeq wory potaed KLep GOT 9uy Jog 


c 
"potted SuTpesey MezySs ey. gO Skep HT 4SATF 9UX OpNTOUT 
ZOU SeOp STUL ‘HT YoreW Of OG Aequieoeq wory potaed Kep 4g 9uyd AOg t 
‘savedde 70440T owes 04} UsUM QUOTEeTITp (GO" 0s. <d:) AT 
-JUBOTITUSTS JOU ete 1eYY SONTCA OFVOTPUT MOT oUIeS 9Uy UT sadTzoszedns ae 
é els Boe ert : (SH) JUSTOM UZATGQ FTeO 
8 got - vont oil + (34) Sutateo-ysod 
01 9 Zequeoeq 
WwOTe esUBUO ZUSTOM 
G p02 28 29 (24) 9804 FO pus 
4e TTtF Teutzsoqurt 
-OJ71Sed UT esvet0eg 
6 ete 1 AGE (33) -9S09 370 (9 tens 
Fe TITS Teut ose4ut 
-OJ;SeS UT esevar0Ur 
(Sy) 
9 62 ud 289 (34) 2osueyo LUSTOM 
S Og 2t9 oot (34) posueuo 1USTOM 
of 2805 Bans = SS (#4) JUSTOM TeTY TUT 
a NS es a eS Se ee es Se ee Sel. ee 
JOLII9a uSsTH UNTP2Il MOT 
PAEPUeLS 


TeAeT merae 


a a a ea ee I ee ee 
eee——e—eeeeeee—eeaeuqea—qwvrwn—_$—0 —0DQuQuQuQuQaQaaaaoaoaooeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


SMOD 04 pes SUTEq MeI4S FO STOEAST 9o9TYY SuTUTeLUOO S1EeTpP WoOIT 
SUTY INSET SO8ATeO FO SYUBTOM YZATG pue SsMOD FO RECS LEUTISe9UT-O29 Ses Ur 
Sesueyo ‘sesueyo 1VUSTOM ‘sZusTem FO SAOAZe pxzepuei1s pue sueoy, ‘ZT aava 


——— 
4 
a t 
Ne 
= = : 
“. 
& =k ar ah b 
, 
j 
eet = 


: 
a 


: Sey 
ee 3 
Poa =~ 
o-7- + 
ne foe a) 


+ Bah) i ee 


e 


r ‘ tog 4 ca 5 
Worl. ete aie P ee seule te athe 
bx ee es | : 


ris + ‘ exe eA (ae ; ia 


_ ra ret / 
fi Sel red 


[ats reap) ee 2 
Bie a) GY ee ae 


Aste = rap 


a _ = -_ 


yi 


os ae 
ahh; Loos. 
Ae a 


wet 


f 


57. 


level (Table 17). The mean weight changes to post-calving 
of 14, - 9 and - 40 kg for the LS, MS and HS diets, respect- 
ively, were highly significantly (P <0.01) different from 
one another. 

The initial and final fat depths of the cows were 
not affected by the treatments (Table 18), although the 
“final fat depths tended (P < 0.10) to be higher for the 
cows which were fed lower levels of straw. There were 
highly significant (P < 0.01) differences in the changes 
in fat depths, and mean changes for the LS, MS and HS diets 
were 4.2, 0.2 and - 1.4 mm, respectively. 

The plasma free fatty acid mean concentrations 
were 0.38, 0.31 and 0.92 umoles/ml of plasma for the cows 
fed LS, MS and HS diets,, respectively (Table 18). These 
differences approached significance (P <0.10). The mean 
tee of plasma urea nitrogen for the LS, MS and HS diets 
were 20.0, 16.6 and 22.3 mg/100 ml of plasma, respectively 
(Table 18). Differences among diets were significant (P < 0.05). 

3.2.6. Effects of Concentrate or Hay. Supplementation 
of Diets 

There were significant (P < 0.05) differences in 
feed and protein intake and highly significant 
(P < 0.01) differences in feed intake on a metabolic basis 
between the concentrate and the hay supplemented diets. 
(Table 19). In each instance the concentrate supplemented 
cows consumed more. 


The changes in gastro-intestinal fill at both the 
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start and end of the test appeared to be greater for the 
concentrate supplemented diet than for the hay supplemented 
diet (Table 20). The differences, however, were not 
Significant. 

No differences in weights of cows by treatment 
existed at the start of the test (Table 20). The mean 
weight gains during the 84 day feeding period were 61 and 
25 kg for the concentrate and hay supplemented diets, 
respectively. These differences were significant (P <0.05). 

There were no significant differences in calf 
birth weights (Table 20). The mean weight changes of the 
cows from the start of test to post-calving were - 8 and 
- 66 kg, for the concentrate and hay supplemented diets, 
respectively. 

No Significant differences were found in the initial, 
final or, change, of fat deptn”of the cows (Table 21). 

The plasma free fatty acid levels of the concentrate 
supplemented cows were significantly (P < 0.05) lower than 
those of the hay supplemented cows (Table 21), while no 


differences were found in the levels of plasma urea nitrogen. 


3.2.7. Relationship Between Plasma Free Fatty Acid 
Concentrations and Weight Changes or Days to Calving 


Plasma free fatty acid concentrations were 
correlated with cow weight changes and days to calving (Table 
22). The highly significant relationship, between plasma 
free fatty acid level (Y) and weight change from start of 


test to post-calving (X), was given by the regression 
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TABLE 22. Correlation of cow weight changes and days 
to calving with plasma free fatty acids 


Simple 
Variable correlation 
coefficient 
Weight change during 
the feeding period - 0,33 
Weight change from 
Start of test.to 
post-calving - 0.46 


Days to calving - 0.02 
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equation: Y = 0.49 - 0.006X, where free fatty acid levels 
were measured in umoles/ml of plasma and weight changes 
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3.3. DISCUSSION 
3.3.1. General 


Johnson (1972) found that feeding cows high levels 
of straw could result in problems with abomasal impaction. 
While most of the ene in this study showed some signs of 
rumen distension, no major problems with abomasal impactions 
were encountered. Neither of the two cows lost in the study 
died of abomasal impaction according to autopsy reports. The 
cause of death in both cases was related to circulatory 
failure, with the possibility that rumen distension was 
involved in the second death. No problems with abomasal 
impaction were encountered in previous studies with cows in 
Alberta (Mathison, 1974a, 1974b). The discrepancy in the 
appearance of impactions between Johnson's (1972) work 
and these results may have been due to the fact that the 
straw used was in the long form, whereas chopped, ground and 
pelleted straw was used in the present study. 

The mean daily consumption of digestible energy of 
all the cows in this study was 18.0 Mcal. This. bevel of 
intake was about 10% above the NRC (1970) estimate of the 
energy needs for maintenance of cows of this size. The 
level of energy intake in this study was about the same 
as the maintenance estimate found by Dietz (1971) for 
cows fed under almost identical environmental conditions 


as the cows in this trial. The mean weight gain of 25 kg 
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for the cows in the present study suggests that the level of 
feeding was somewhat above maintenance. This could be due to 
the combined effects of a decreased energy cost for locomotion 
(Blaxter, 1967) due to the confined quarters in which the 
cows were fed and a higher utilization of the energy from 
the ground and pelleted diets than is suggested by the 
digestible energy of these feeds (Blaxter and McC. Graham, 1956) 
as the loss of energy in the form of methane is decreased 
for ground and pelleted diets relative to chopped diets. 
Je jeee Bit eeChs “Or Physi Cale rorm:of Dist 

There was a positive relationship between feed 
intake and weight gain on test for cows fed diets in the 
different physical forms. Since the higher feed intakes of the 
P diets resulted in larger gains in the cows receiving P diets, 
it is obvious that the decrease in net energy available for 
maintenance per unit of the P diets was less than the increase 
in voluntary intake. Cows fed P diets ate 15% more feed 
daily than those fed the C diets, whereas the measured 
difference in digestibility was 7%. The cows fed pellets 
would be expected to produce less methane per unit of dry 
matter consumed and to use energy more efficiently for 
maintenance (Blaxter and McC. Graham, 1956). 

The weekly feed intake of the cows receiving 
P diets was found to be quite variable compared with the 
other diets. No explanation can be given for this result, 
except for the possibility that the variations in feed 


consumption were a manifestation of problems in regulating 
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the energy balance of these cows (Baumgardt, 1969). Also 
the cows receiving pellets could vary feed intake more 

than those receiving the other diets in response to changes 
in environmental temperature (MacDonald and Bell, 1958; 
Wodzicka-Tomaszewska, 1965) and still maintain energy 
equilibrium. The fact that the feed intake of the low 
protein pelleted diets was greater than that of the other 
Peaiets, and thatthe digestibilaty. of. this:diet..would,:if 
anything, be expected to be lower (Coombe and Tribe, 1963; 
Lyons et al, 1970; Fishwick et al, 1973) suggested that other 
factors, in addition to gastro-intestinal fill (Campling, 
1969), affected the intake of the cows fed P diets. 

In this study the digestibilities of dry matter, 
gross energy, cell walls, acid detergent fibre and nitrogen 
were all lower in the P diet than in the C diet. However 
the digestibilities of the G diet were all higher than 
those of the C diet. The depression in ip Pee ae of the 
P diet corresponded with the results in the literature, and 
is based on the fact that mechanical grinding decreases 
particle size. Feeding high levels of ground material tends 
to force the feed through the rumen more quickly, reducing the 
time feed particles are exposed to rumen micro-organisms, 
and this tends to lower the digestibility of the feed 
(Pigden and Heaney, 1969). 

The digestibility of the G diet was expected to be 
similar to that of the P diet (Cloete and Rossouw, 1970) or 


slightly higher (Levy et al, 1972). In this study the 
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digestibility of the G diet was unexplainable high, since the 
same diet fed in the protein level metabolism trial had 
digestibilities which were about equal to those of the P diet 

in this study. It was unlikely, however, that an error occurred 
one cre Cevermination or “dry matter digestibility of the G diet, 
as the digestibilities for all sheep in this group were 
uniformly high. 

There is little doubt that the intake of straw can 
be increased by pelleting or grinding. Pelleted straw diets, 
in particular, are consumed in greater amounts than chopped 
straw. There is no doubt, however, that ground or pelleted 
diets are not feasible for winter maintenance diets for 
beef cattle. They are expensive to prepare, both in terms 
of cash and energy inputs. The variability in intake which 
occurred with the pelleted diets was considered a serious 
drawback to their use. This may, however, have been corrected 
if the cows had access to a small amount of long roughage. 

Sov.) ~BrLects Ol Dietary © poletne lever 

The significant differences in weight gains due to 
dietary protein level during the test period cannot be ex- 
plained by the data obtained. Indeed, the cows fed the LP 
diet consumed the most feed daily and had the lowest weight 
gains, even though no significant differences in energy 
digestibility were measured among the diets. 

It was somewhat surprising that no differences in 
dry matter, energy, cell wall or acid detergent fibre 


digestibility due to dietary protein concentration were 
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observed in sheep. This was in contrast with results reported 
by Coombe and Tribe (1963), Lyons et al (1970) and Fishwick 
et al (1973) which suggested that dry matter and energy 
digestibilities of diets improve as protein level increases 
to the 7 or 8%, following which further increases are not 
obtained in mature ruminants. The 5.4% crude protein level 
of the LP diet was sufficient to optimize dry matter 
digestibulity: in this trial. - The.feeding level, one-half 
maintenance, might have reduced the protein required for opti- 
mum dry matter digestibility. Sheep may behave differently 
than cattle under short term deficiency situations or short 
term results may differ from long term effects on digestibility. 
All of the diets fed met the requirements of the 
cows for crude protein as outlined by NRC (1970) in terms of 
total amount of protein provided even though the LP diets 
were formulated to contain a lower percentage of crude 
protein than is recommended by NRC. This was due to a higher 
consumption of feed than is considered normal in the NRC 
(1970) recommendations. However, on a digestible protein 
basis the cows fed the LP diets consumed much below the 
suggested NRC (1970) level, the cows fed the MP diets 
received about the recommended level and those on the HP 
diets received in excess of the recommended levels. No 
explanation as to the absence of protein deficiency symptoms 
for the cows on the LP diets can be provided. 
on ate basis of the cattle feeding trials in this 


experiment, however, it is apparent that the least cost diet 
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would be the diet of choice for the winter maintenance 
feeding period, assuming the cows could afford to lose some 
weight over the winter to post-calving. 
3.4. Effects of Supplemental Protein Source 

In previous work with steers using high levels of 
roughages (Mathison et al, 1974) and using high energy and 
low roughage levels (Martin et al, 1975), the slow release 
non-protein nitrogen supplement, BBGU, compared favourably 
with oilseed meal protein supplements. 

In this study, while weight gains increased with 
added nitrogen, the differences were not significant. As 
a result it was not expected that there would be any 
differences due to protein source. This was, in fact, what 
occurred. Groups of cattle fed the two supplements showed 
no differences for all measurements made during the study. 
Plasma urea nitrogen levels were similar for cows fed 
soybean meal and BBGU supplemented diets, suggesting that the 
nitrogen sources were equally effective in terms of overall 
nitrogen release. Since blood samples were taken prior to 
feeding, no assessment of the rapidity of breakdown of the 
nitrogen sources could be made. 

It cannot be concluded on the basis of these 
results that BBGU was an effective protein supplement. 


However, it can be concluded that BBGU had no detrimental 


effect on cow performance. 


Wo eee Le Cl of Dietary Straw Level 


The feed intake and the calculated digestible 
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energy intake of the cows increased as the level of straw 
in therdiletadeorcased: in® this study... The.uniformity: of 
straw intake as the proportion of straw in the diet increased 
was in agreement with the findings of other workers, who found 
no differences in straw intake in maintenance diets when 
additional concentrate is fed (Bines and Davey, 1970; Math- 
ison, 1974b). The differences in feed and energy intake 
resulted in decreased weight gains in the HS group. 
When calculated digestible energy intakes were compared with 
weight changes it appeared that there was little difference 
in efficiency of utilization among the diets as weight 
gains increased as digestible energy intakes increased. 
This indicates that, in contrast to the results of Slyter 
et al (1971b), crude fibre digestibility was not substantially 
reduced by the addition of a starch source to the diet. 
Sipe} Effects of Supplementing with Concentrate or Hay 

This trial was designed to evaluate the effect 
of cellulose as a supplement to straw instead of starch. 
It was expected that the cellulose in the straw would be 
digested at a faster rate with hay as a supplement and that 
the. cellulose digestibility would be higher since the 
depressing effect of starch on cellolytic bacteria would 
be decreased (Slyter et al, 1971a). No evidence was 
obtained in’ this trial to support this ‘concept. 

The daily feed intake of the cows receiving the 
hay supplemented diet was markedly less than that of the 


concentrate supplemented cows. As a result the concentrate 
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Supplemented group gained more weight over the winter. 

This occurred in spite of the fact that the crude protein 
content of the two diets was similar and the acid detergent 
fibre content of the hay supplemented diet was only slightly 
higher than that of the concentrate supplemented diet. The 
low intake of the hay supplemented diet might, however, have 
been caused by the dustiness of the diet since the pellets 
did not bind together well, so that the resulting feed 
consisted of fragments of pellets and dust particles. 

As a result of the differences in feed intake no 
conclusion on the use of hay versus concentrate as a 
supplement to straw was possible. The weight gains achieved 
by the hay supplemented group with a relatively low feed 
consumption, compared with gains achieved by the cows in 
other sections of thiisvstudy,eandicated the“possibility of 
better utilization of hay supplemented diets compared with 
concentrate supplemented diets. 

353.7.) Ultrasone Measuremene of Kat wover as ian 
Indicator of Nutritional Status 

The change in depth of subcutaneous fat has been 
used as an indicator of nutritional status in beef cows 
(Mietizt9 71) ee in. that 1s tudyjiue Wossinisubcutaneousadat 
was considered an indication that fat was mobilized to 
meet the energy requirements of cows. On an overall basis, 
the cows in the present study showed virtually no change 
in mean fat depth, while there was a moderate, overall net 


gain in body weight. There were, however, wide positive and 
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negative fluctuations in fat depth change for individual cows. 
Similar variations have been found by Dietz (1971) and 
Johnson (1972). Since the cows were not slaughtered, it 
was not possible to make actual Paneace measurements. It 
was, therefore, not possible to determine if the fat depth 
changes measured had occurred or if the differences were 
the result of misinterpretation of the ultrasonic scans 
(Miles et al, 1972). However, since the fat depths measured 
were less than those ultrasonic equipment is normally used 
for, it was felt that the latter was the case. For thin 
cows, body weight changes are probably a better indicator 
Of Change In nutritional status, than ultrasonic fat depth 
measurements. 
J, 320.8. Plasma Pree Fatty Acids asi Indicators of 
Nutritional Status 
Plasma free fatty acid concentrations can be increased 
by. undernourishment during pregnancy (Bowden, 1974), late 
pregnancy alone (Robinson et al, 1971) or undernourishment 
alone (Owen et al, 1969c). Regression analysis showed that 
plasma free fatty acid levels were most affected by weight 
change. The increases in free fatty acid level due to 
pregnancy normally begin in the period 31 to 60 days 
prepartum (Bowden, 1974). Since the average number of days 
pefore calving in this study at time of sampling was 59 days 
and no cows were less than 37 days prepartum, it was deemed 
reasonable the free fatty acid levels were more closely 


related to weight changes than stage of pregnancy. The levels 
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of plasma free fatty acids measured were about the same as 
those obtained by Bowden (1974), but were lower than those 
of Dietz, (1971). 
3.3.9. Plasma Urea Nitrogen as an Indicator of 
Protein Intake 

Plasma urea nitrogen levels in sheep are closely 
related to protein intake (Torre] et a1, 1974). The in- 
creases in plasma urea nitrogen concentrations as protein 
intake increased in this study indicated that this 
relationship could be used as an assessment of the nitrogen 


intake of cattle. 
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4, EXPERIMENT II. STRAW IN PRODUCTION DIETS 

several workers have studied the effects of straw 
fed at relatively low levels in feedlot diets of steers. 
Information about the effects of feeding very high levels 
of straw in feedlot diets is very limited. Some research 
has been carried out in Great Britain (Swan and Lamming, 1970) 
but no work has been performed under Western Canadian 
conditions for straw levels exceeding 40%. The performance 
of beef steers fed completely pelleted diets containing 
three levels (up to 70%) of barley straw was assessed in the 
present study. 
4.1. MATERIALS AND METHODS 

Weir Design of ‘the Experiment 

The experiment included 18 steers, of British 
breeds and crosses, in a three by three by two nested factorial 
design. Three levels of straw, in isonitrogenous pelleted 
diets, were compared with respect to their effect on efficiency 
of feed utilization, growth rate and carcass characteristics 
of the steers. Each of the three pens used in the experiment 
housed six steers, so that two steers in each pen were fed 


the same diet. 


4.1.2. Experimental Site and Facilities 


The experiment was conducted at the University of 
Alberta, Beef Cattle Nutrition Unit at the Ellerslie Research 


Station. The steers were kept in three pens of one shed at 


- —_ z 
pit MEETS ATM 
= ed i i ri ral - , 
Sl it a 
ea) ics Weel J xe 
i. £4) “ ‘ie 
7: ike oa sees Ne hit 
| > iiospeay akan ee Gated maps | be 
4" if ee a 
ds Led sie es, cis 2a veka eae 
Ew: WEES So AROY g q (det shi 
_ 7a > i ; <I et 
eSa eer Yas sua ien cs “saat Pa ‘a ‘arnt >a 
sures) iv haga. rs Rt we pea: ey i a 
ag - ¢ Hic a. x r. * per ‘a sritien Aa ee hh: pela oiee' . 


ri : 7 La 


eo? ce SPioP cristo  seaores forget b wg intieg. | doin bitte ae by 
- hk mh 
bee ans Sie to, seit eres: oats 


Red Sow oisG dese Siettaate Swe A cake oe (etanes ule 


+ 
iat 
pad 
at 
i 


ao SSF d= 
Se Ye ree En ane Taber shpat ian tagr 2 oat oe We | 
is] f it z i 2 c= 
‘ht ts eA iia a ee? ton es r 4? 
oe ee ee et er ee Hip Miles 2008 vassal ns 


: Nh ty 
4 - a P ; - 48 a P on 4 
r¢ BAisg EA Tae " * 7 f | any ow wit: he: +4 by \ tos ait h ue a | 


Nets ¢) hj 


en 


704 


the facility. Each pen, which accommodated six steers, 
measured about 4.0 by 7.6 m. Wind and overhead shelter was 
provided by the barn. Water was provided from heated watering 
bowls connected to the underground water system. 

Each pen was equipped with six stanchions which 
were used to confine the steers individually during the feeding 
periods. The concrete feed bunk in front of each pen was 
divided into six sections to allow for individual feeding of 
the animals. 

The scale for weighing the steers and the cattle 
Squeeze for restraining the animals during any medical treat- 
ment required were located in a separate building adjacent 
to the feeding sheds. 

4.1.3. Animals and their Management 

The 18 steers used in the trial were selected for 
uniformity of weight from a group of 54 steers which had 
been purchased through commercial channels. No information 
regarding the history of the animals was available. The 
breed composition was obviously mainly Herefords, with some 
Hereford-Angus and Hereford-Shorthorn crosses. The steers 
were assigned to treatment groups on the basis of their 
weights on December 10, 1974, so that the average weight of 
the steers in each treatment group was as close as possible 
to the overall mean. The live-weights of the steers ranged 
from 287 to 340 kg, with a mean of 304 kg at the start of 


the test. 
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A 2 ml -dose containing /1,000,000 IU of Vitamin A, 


0,000 i Son.Vitamin Drand 12,000 -1U. of Vitamin E, was 
injected intramuscularly into each steer on December 16, 
1974. Each steer was also vaccinated against blackleg and 
malignant edema that day. The steers were implanted with 
a growth promoting hormone, Ralgro (Commercial Solvent Ltd., 
Terpe Haute, Indiana), on December 17, 1974. May 7, 1975 
was the date of treatment for warbles with the pour-on 
insecticide, Ruelene (Dow Chemical Com., Midland, Michigan). 
From December 16, 1974 until May 28, 1975 the 
steers were managed similarly. Each steer, however, was 
offered its daily diet while confined in an individual 
stanchion and was allowed about 2 to 3 hours each morning 
and afternoon (between 0800 and 1130 hours and between 1330 


and 1630 hours) to consume its ‘feed. Water was available 


ad libitum except during the time of confinement for feeding 


and prior to weighing. The animals were slaughtered May 28, 


1975. 
He), Yt deste 


The diets used in this study were prepared as 
complete pelleted diets. The straw and concentrates were 
ground through a 4.8 mm screen and then pelleted into 6.4 


mm diameter pellets. Details of the diet are given in 
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TABLE 23. Formulation and composition of steer diets 


Mosier Straw level 

| Low Medium High 
Barley straw 40.0 55.0 7107.0 
Barley 54.0 S5u6 16.9 
Rapeseed meal 4.7 8.3 220 
Calcium-phosphate (18:20.5) 0.10 O set On25 
Limestone O50 ©7230 0715 
Trace mineral salt 0.50 0.50 0750 
Vitamin premix” 0.22 0.22 0.22 
Total 100.02 100.02 TO0:.02 
Analyzed composition (moisture-free basis) 

Dry matter (%) 92.0 92.8 93.1 

Acid detergent fibre (%) Ber 5 30n3 39.2 

Crude protein (%) 9.8 ing 9.7 

Calcium (%) 0.54 0.60 0.59 

Phosphorus (%) One? 0.39 0.32 


“ Expressed as % in total diet on a moisture-free basis. 


é Each kg of premix contained 2,000,000, 350.0007 and 2,000 


IU of Vitamin A, D and E respectively. 
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Three composite samples were collected for each 
of the diets in the experiment for the determination of each 
diet's composition. Each composite sample was composed of 
a mixture of three samples taken on three PaaS Ha 
so that the average composition presented is the result of 
sampling at nine nee peut times. 

iY d.Se ee Digeshibility.»Triad 

A digestibility trial was performed for each diet 
using 12 Suffolk wethers, individually housed in metabolism 
cages. Four sheep received each of the three diets tested in 
a three by four nested factorial design. The experimental 
animals received the test diets once daily in the morning. 
The sheep were allowed 7 days to become accustomed to the 
diets offered. The level of feeding was then adjusted 
using the formula presented by NRC (1968) to provide the 
digestible energy required for the maintenance of each 
sheep. The sheep were fed at this level for 14 days. 

During the last 6 days of the trial, the total 
feces produced by each sheep was collected and weighed once 
daily. Samples, representing a constant proportion of the 
daily fecal output of the individual sheep, were dried in a 
force-draft oven at 55 C for 72 hours. Then the six samples 
for each sheep were combined to produce one composite sample 
for each sheep. The samples were finely ground using a 


Christy-Norris grinding mill and were stored in plastic 


containers. 
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4.1.6. Measurements 

Thesteers were fed at a level twice daily such 
that on most days some of the feed offered remained after 
the feeding period. Daily feed consumption was calculated 
from this information. Digestible energy and digestible 
crude protein intakes were calculated using the daily feed 
intake and the digestibilities determined in the digestibility 
~rial. 

During the experiment the steers were weighed at 
weekly intervals. In addition, they were weighed on two 
consecutive days at both the start and the completion of the 
feeding trial. The weights were taken in the morning 
before feeding and after the steers had been kept away from 
water for approximately 16 hours. 

The warm dressed weight of each animal was taken 
on the federally approved scale at the packing plant. The 
day following slaughter the average fat Lah the area, 
marbling and colour of the rib eye and the quality grade of 
each carcass were determined by Agriculture Canada meat 
graders. 

Gross energy of feed and fecal samples was determined 
by means of a Parr oxygen bomb calorimeter. Cell wall content 
was determined by the method of Goering and Van Soest (1970) 
as modified (Appendix I). Samples were analyzed for dry 
matter, acid detergent fibre and crude protein by the Alberta 
Soil and Feed Testing Laboratory. Dry matter was determined 


by the AOAC (1965) method. The method of Goering and Van Soest 
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(1970) was used in the determination of acid detergent fibre. 
Crude protein (N x 6.25) was determined by Technicon 
Methodology No. 218-72A. 
Howe. totavieticad Analysis 
Analysis of variance was performed using computer 
programs available from the University of Alberta Computing 
Centre. Duncan's New Multiple Range Test (Steel and Torrie, 


1960) was used in comparison of means. 
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ia... RESULTS 
4.2.1. General 

All the steers remained healthy throughout the 
experiment. Occasionally an animal did not eat for one or 
two feedings. This normally occurred after a period of 
Se oens iy high feed intake. Animals that went off feed 
were normally back to normal consumption two or three 
feedings after they began to eat again. 

At slaughter, the livers of all the steers were 
inspected for abscesses. Only one animal of the 18 slaugh- 
tered had an abscessed liver. This was from an animal in the 
low straw (LS) treatment group. 

4.2.2. Digestibility of Diets 

There was a highly significant (P < 0.01) reduction 
in apparent dry matter digestibility as the level of straw 
in the diet increased (Table 24). Similar reductions 
(P< 0501) in digestibility of gross energy were found. 

There were no significant differences in the digestibility 
of cell walls, acid detergent fibre or nitrogen among the 
diets. 
4.2.3. Feed, Energy and Protein Intake and Feed Conversion 

There were no significant differences in feed intake 
among the eee erent groups, although the feed intake of the 
medium straw (MS) group appeared somewhat lower than that of 
the other two groups (Table 25). The LS group consumed 


significantly (P < 0.05) more digestible energy 
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than the other groups. No differences were found in protein 
consumption. 

The kg of feed required per kg of gain increased 
as the amount of straw in the diet increased (P < 0.05). 
There were highly significant (P < 0.01) decreases in the kg 
of concentrate required per kg of gain as straw level increased. 
No significant differences in digestible energy required per 
kg of gain were found. 

4.2.4. Weights and Weight Gains 

No significant differences for either mean initial 
or mean final weights were obtained among the three treatment 
groups (Table 25). The average daily gains of the steers 
tended 1(Pi< 0.010) "to wbe redicedsas: the level of straw in the 
diet increased. With the exception of a gradual trend 
towards greater gain for the LS group, the growth pattern 
of the three groups was similar. 

We2.5. Carcass Data 

The differences in warm carcass weight of the steers 
at slaughter by treatments were highly significant (P < 0.01) 
(Table 26). Carcass weights decreasedwith increasing straw 
in the diet. The mean dressing percentages by group ranging 
from 50.4 to 53.7 showed no significant differences, although 
the dressing percentage appeared to decrease as the amount of 
straw in the diet increased. 

There were no differences in rib eye area between 
the 1ith and 12th ribs among the treatment groups. The mean 


fat cover and the amount of marbling both decreased signif- 
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icantly (P < 0.05) as the straw level in the diet increased 

Although there were no significant differences by 
the method of analysis in the colour of the rib eye, four 
carcasses in the high straw (HS) group, and two in the MS 
group showed a medium red colour when graded as compared 
with only one in the LS group. 

The distribution of grades of the carcasses was 
five Al and one Bi carcasses in the LS group, one Ai and five 
Bl carcasses in the MS group, and one Ai, three B1 and two 
C1 carcasses in the HS group. In each case the minimum fat 
cover was a determining factor in reducing the grade. The 
carcasses with a lesser fat cover also tended to have less 
marbling and a darker colour of the rib eye. However, by 
the method of analysis used only a trend (P< 0.10) towards 


reduced grade with increased straw in the diet was indicated. 
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3 DIS 
Woes Digestibility of Diets 

As the acid detergent fibre and cell wall content 
of the diets increased, the digestibilities of dry matter and 
gross energy decreased. The results were in agreement with 
the lower digestibility of cell walls relative to cellular 
contents reported by Van Soest (1967). The calculated 
digestibilities of gross energy, assuming no straw-concentrate 
interaction and NRC (1969) digestibilities of the feedstuffs, 
were 68, 63 and 57% compared with the values of 61.1, 53.4 
and 48.7% for the LS, MS and HS diets, respectively, which 
were obtained in this study. This difference can be attributed 
to the decreased digestibility associated with the use of 
pelleted diets which has been found by many workers and 
would indicate limited, if any, associative effects on 
digestibility among the feedstuffs. 

The trend toward decreased weight gains as the 
level of straw in the diet increased combined with slight 
differences in feed intake resulted in poorer feed con- 
versions with increased straw levels. This was in 
agreement with the work of other researchers (Nicholson, 

1967; Forbes et al, 1969a; Kay et al, 1970a,1970b) at 
lower percentages of straw in the diet. Swan and Lamming (1970) 


found similar trends at straw levels comparable with those 
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fed in the present study, however the average daily gain of 
the steers in that trial was higher and less feed was required 
per unit of gain. Swan and Lamming (1970) used Freisian 
Steers fed over the same weight range as the steers in the 
current trial. 

No apparent differences in digestible energy 
required per unit of gain were found. Similar results were 
obtained by Forbes et al (1969a) and Swan and Lamming (1970). 
At lower levels, however, the use of 0 to 40% straw resulted 
in increases in digestible energy required per unit of gain 
(Forbes et al, 1969b). Hironaka and Bailey (1968) also 
found that the amount of digestible energy required per unit 
of gain decreased as the proportion of barley in a barley- 
alfalfa diet increased. 

There was apparently less energy retained by the 
steers per unit of weight gained as the level of straw in the 
diet increased since the steers on the HS diets had the 
lightest carcasses and the least fat cover. 

No leveling off of gains of the steers on the MS 
and HS diets occurred in this trial. This was in contrast 
with the results of Swan and Lamming (1970). 

4.3.3. Carcass: Data 

The decreases in live-weight and the slight 
decreases in dressing percentage resulted in the signif- 
icant decreases in carcass weight as the amount of straw in 
the diet increased. The trend towards decreased dressing 


percentage as the level of straw increased was in agreement 
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with the work of other researchers cae ce ern 97 0a," 1970b- 
Swan and Lamming, 1970) who found that decreased dressing 
percentages were the result of increased alimentary-tract 
fill. The dressing percentages of these animals was about 
5% less than normal in steers of these grades (Berg, L., 
Agriculture Canada, personal communication). 

The amount of lean in the carcasses, as indicated 
by the area of rib eye, was found not to vary among treatments. 
This was in agreement with the results. of Swan and Lamming 
(1970). Fat cover and marbling were both found to be 
increased for the LS diet compared with the MS and HS diets. 
Again, these results were in agreement with the work of 
Swan and Lamming (1970). The carcass grades also indicated 
a lack of finish on the carcasses of the steers fed the 
MS and HS diets. The LS diet was of sufficiently high energy 
concentration to produce acceptable carcasses at the weights 
at slaughter. The animals fed the MS and HS diets might 
have fattened sufficiently in another month to grade Canada 
A. However, it was also possible that the growth rate of 
the animals would decrease as happened in Swan and Lamming's 
(1970) work. Although there were indications that the 
darker colour of the rib eye: associated with the MS and 
HS diets was related to the nutritional program, it ‘could 


not be concluded that the cause was nutritional. 
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5. EXPERIMENT III. EFFECTS OF WEATHERING ON THE NUTRITIVE 
a en ee eee ye ere ee 


VALUE OF STRAW 
There is a wide spread belief among producers 
that cows will voluntarily consume more straw after it 
has been weathered. The main objectives of this study 
were thus to examine the effects on nutritive value of 
exposing barley straw to the outdoor environment. 
5.1. MATERIALS AND METHODS 
5.1.1. Design of the Experiment 
Twelve Suffolk wethers were selected for this 
experiment and allotted to treatments in which three 
different samples of barley straw were fed in a three by 
four nested factorial design. 
5.1.2. Animals and their Management 
The experiment was conducted at the Metabolic 
Unit at the University Farm in Edmonton. . The sheep were 
kept in individual metabolic cages, each equipped with a 


feed and water trough. The environmental temperature was 


Maintaimead.at 85 to 18 C during the trial .« gine sheep, .with 


live-weights ranging from 45 to 55 kg, were assigned to 
treatment groups such that each group averaged 50 kg in 


weight. They had previously been placed in individual 


Gis 


cages and fed a hay diet for 5 days while becoming accustomed 


to the new surroundings. A 1.5 ml dose, containing 750,000, 


112,500 and 750 IU of Vitamin A, D and E, respectively, was 
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administered intramuscularly to each sheep 2 days after the 
beginning of the trial. 

Each sheep was fed twice daily an amount in excess 
of voluntary consumption during the first 12 days of the 
trial to establish its level of voluntary feed intake. For 
the next 12 days each sheep was offered 85% of the mean 
amount of the feed it consumed during the last 5 days of the 
initial period. Total fecal output was collected during the 
Pirie 6 “days! ofi the trials 

Sols Jane Drets 

Three experimental diets were used in the study. 
Two of the diets contained year-old straw which had been 
stacked in loose piles containing about 2 tonnes each. A 
visibly weathered portion from the outside of the stack, and 
a less weathered portion from about 1m into the stack were 
selected for the experiment. New straw was similarly 
obtained for comparative purposes from straw produced the 
following year in the same field under a similar fertilization 
program. Visibly, there was little difference between the 
weathered straws, but there was a large difference between 
them and the new straw. All the straw had been put through 
the chopper on the combine, and collected immediately along 
with the chaff, leaves and grain lost in the combining 
process. The straw was baled from the stacks to facilitate 
transportation to the experimental site. It averaged about 
10 em in length at the time of the trial. 


Each sheep received 10 g of a calcium-phosphorus 
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(18% calcium: 20.5% phosphorus) mineral and 10 g of trace 
Mineral salt daily. For the first 12. days of the experiment, 
each sheep received 150 g of soybean meal plus straw in 
excess of voluntary consumption. For the final 12 days each 
sheep was offered a diet consisting of 85% straw and 15% 
soybean meal at a reduced level. 

5.1.4. Measurements 

Daily feed consumption was measured for each sheep. 
During the final 6 days of the trial, total fecal output was 
collected and weighed once daily. Samples, representing a 
constant proportion of the daily fecal output of each sheep, 
were dried in a force-draft oven at 55 C for 72 hours. The 
Six samples for each sheep were combined to make one composite 
sample for each sheep. Each sample was finely ground using a 
Christy-Norris grinding mill and was stored in a plastic 
sample cup. 

To calculate the apparent digestibility of the straw 
in each diet, the amounts of energy and crude protein which 
were derived from the soybean meal were subtracted from the 
total amount digested. The digestibilities of gross energy 
and crude protein in soybean meal were assumed to be those 
given by NRC (1969). 

The feed and fecal samples were analyzed for dry 
matter by the AOAC (1965) method. Gross energy was determined 
with a Parr oxygen bomb calorimeter. Cell wall content was 
measured by the method of Goering and Van Soest (970) “as 


modified (Appendix I). Acid detergent fibre was determined 
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by the method of Goering and Van Soest (1970). Technicon 
Methodology No. 218-72A was used in the analysis of crude 
protein (N x 6.25). 
Sek oe ovabietica ll Analvs is 
Analysis of variance was performed using computer 
programs available from the University of Alberta Computing 
Centre. Duncan's New Multiple Range Test (Steel and Torrie, 


1960) was used in comparison of means. 
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eee. RESULTS 
-2.1. General 

All the animals remained healthy throughout the 
trial. Occasionallly during the collection period, some of 
the sheep fed weathered straw left up to 15% of the straw 
pefered to them The straw remaining was subtracted from 
the amount offered that day to obtain feed consumption. 
The loss of feed by spillage was slight. Each group of 
sheep lost some body weight during the 24 days of the trial. 
The average weight loss was 2.7, 4.3 and 3.6 kg for the 
group fed new straw (NS), weathered straw from the outside of 
the stack (WSO) and weathered straw from the inside of the 
stack (WSI), respectively. 

5.2.2. Composition of the Straw 

Chemical analysis of the straws indicated the there 
was no major difference in chemical composition between the 
two types of weathered straw (Table 27). The levels of cell 
wall content and acid detergent fibre were higher in the 
weathered straw than in the new straw and the crude protein 


and phosphorus were lower. 


5.2.3. Feed Intake and Fecal Output 
The sheep, during the first 12 days of the trial, 


consumed significantly (P <0.05) more new straw than weathered 
straw. There was no difference in voluntary intake of the 


two types of weathered straw (Table 28). The standard error 
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TABLE 27. Chemical composition of weathered and new straw! 


New Weathered 
straw straw 
outside 
Gross energy (cal/g) 4360 4338 
Cell walls (%) 68.4 63.6 
Acid detergent fibre (%) 38.9 Sen 
Crude protein (%) 6.3 2.9 
Calcium (%) 0.34 Ono2 
Phosphorus (%) On nS 0.10 


a : : 
Expressed on a moisture-free basis. 
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for the voluntary intake reflected the large variability in 
consumption for individual sheep. The significant differ- 
ences in the intake of dry matter and straw during the col- 
lection period reflected the conditions of the trial, as feed 
offered in this period was based on the amount consumed in the 
intial period. 

5.2.4. Apparent and Calculated Digestibilities of Diets 

The dry matter digestibilities of the diets were 

62.8, 50.1 and 54.5% for the NS, WSO and: WSI groups, 
respectively, and this represented highly significant (P < 0.01) 
changes (Table 28). There were no significant differences 
in cell wall digestibility among the diets, while the 
digestibility of acid detergent fibre was highly signif- 
icantly (P < 0.01) reduced in the WSO group. Highly 
Significant (P < 0.01) differences were found for nitrogen 
digestibility, with the nitrogen in the NS being more 
apparently digestible than the nitrogen in the weathered straw. 
There were highly significant (P < 0.01) differences in 
the digestibility of gross energy among the three types of 
straw. The calculated values were 62.6, 47.4 and 52.5% 
for gross energy digestibility, and 50.0, - 22.3 and - 13.9% 
for nitrogen digestibility in the NS, WSO and WSI groups, 


respectively. 
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eee LOC UDoLON 
5S. COmpOsi tion of the Straw 

The interpretation of the results obtained for 
comparison of the types of straw is influenced by the sim- 
ilarity of the straws at harvest. Unfortunately, no 
chemical analysis of the year-old straw was performed at 
the time of harvest so no direct comparisons between the 
weathered straw and the new straw can be made. The straws 
tested were all grown in the same field, which had been 
continuously cropped for several years. The level of 
fertilization, stage of harvesting and yield of grain were 
also about the same in both years. The straw was not rained 
on before stacking either year. 

The crude protein content of the new straw was 
about 50% higher than levels normally reported for barley 
straw (NRC, 1969). The method of harvesting of the crops 
which produced the straw samples included the collection 
of chaff and leaves with the straw, while most straw tested 
consists primarily of stems, as leaves and chaff are lost 
from the straw before baling. A large amount of leaves and 
chaff were evident in all samples used in this study. The 
increased protein content of leaves and chaff relative to 
stems (Kilcher and Troelsen, 1973) could explain the crude 
protein content of the new straw. 

Forages subjected to rain between cutting and 


completion of harvest show increases in acid detergent fibre 
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levels and decreases in crude protein content (Martin, P.J., 
Alberta Agriculture, personal communication). A similar 
trend was suggested for weathered straw by results found 
in this study. Increased cell wall contents suggested a 
decrease in cellular contents of the straw (Van Soest, 1969). 
The decrease in cellular contents were reflected in the 
decrease in nitrogen in the weathered straw, as this com- 
ponent tends to be concentrated in the cellular contents 
of straw. 
Spores POVOlLUAtaryeConsumpiloneo: Diets 

For diets with low digestible energy concentrations, 
rumen fill limits feed intake (Baumbardt, 1969a). Voluntary 
consumption is limited by the capacity of the reticulorumen 
and by the rate of disappearance of digesta from the rumen 
(Campling, 1969). In the present study, the voluntary intake 
of weathered straw was depressed relative to the new straw. 
The lower cell wall content of the new straw and the 
associated improvement in digestibility of gross energy 
(Van Soest, 1967) may have resulted in higher intake of the 
new straw. In addition, the presence of small amounts of mould 
in the weathered straw may have had a depressing effect on 
voluntary intake (Morrison, 1956). In any case there was no 
evidence for the common belief of some producers that 
ruminants will eat more weathered straw than new straw. 

The cellular contents of forages are completely 


or almost completely nutritionally available to ruminants 
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while cell walls are less nutritionally available (Van 
Soest, 1969). These findings were reflected in the results 
of this study and the increased energy digestibility of the 
new straw was attributed to the increased content of the 
more readily available cellular contents in the new straw. 

The decreased apparent digestibility of nitrogen 
in the weathered straw was related to a lower nitrogen content 
in the weathered straw relative to the new straw. The calcul- 
ated apparent digestibility of nitrogen in the straw was in 
close agreement with the formula used to calculate the 
digestible protein content of feedstuffs (NRC, 1970). This 
Suggests that there was little difference in the true 
digestibility of the nitrogen in the different types of straw. 

The digestibility of acid detergent fibre was lower 
than that of cell walls. Acid detergent fibre is a measure- 
ment of the cellulose and lignin in a feedstuff, while the cell 
wall includes hemicellulose, cellulose and lignin (Goering 
and Van Soest, 1970). The reduced digestibility of acid 
detergent fibre relative to that of cell walls may be 
attributed to the larger proportion of indigestible lignin 
in acid detergent fibre. 

The difference in digestibility of the new straw 
compared with the weathered straw resulted despite the fact 
that the intake of the new straw diet was nearly 50% greater 
than that of the weathered straw diets. Increased intake has 
been shown to significantly decrease digestibility of diets 


Blaxter et al, 1956), so that the differences in digestibility 
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Might have been even greater if daily intakes of all diets had 
been equalized. There was thus no indication that the 


digestibility of straw is improved by the weathering process. 
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6. GENERAL DISCUSSION AND CONCLUSIONS 

The levels of straw used in the cow maintenance 
studies were much higher than those normally used in 
Western Canada. The high levels of feed and straw intake 
sitained were Similar to those obtained by Mathison (1974a, 
1974b) and previously, by British researchers. These levels 
of straw intake may in part have been attributed to the 
increased intake which can result when the particle size 
of the feed is reduced (Agriculture Canada, 1974). Differences 
due to treatments have been described but on an overall basis the 
mean weight gain of the cows during the 84 day feeding trial 
was 25 kg, while the mean loss in weight from start of test 
to post-calving was 36 kg. All the cows which completed 
the study were considered to have completed the uke liege! 
acceptable body condition. This suggested that the most 
economical diet would be the diet of choice. However, the 
effects of nutrition on subsequent performance was not 
determined. In addition, the loss of two of 60 cows can be 
considered high. Dietary treatments may have affected 
these death losses. The climatic conditions during the 
first two months of the trial were relatively mild, indicating 
that weight gains may have been decreased if the winter had 
been colder, as the ability of cows to increase feed intake 
on these diets was somewhat limited. On a practical basis 


though, it may be concluded that barley straw can be used 
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in relatively high amounts in maintenance diets of mature 
cows if the straw is properly supplemented with energy, 
protein, mineral and vitamins. 

fhe results of the production trial using steers 
demonstrated that up to 70% straw could be used in a 
growing diet. At oe level of straw, 4.2 kg of concentrate 
were required per kg of gain. This amount is less than that 
normally required in more conventional diets. Processing 
costs involved in making a complete pelleted diet based on 
straw are extremely high. In addition straw at high levels 
resulted in what were considered to be reduced daily gains 
of the steers relative to those expected with conventional 
diets. Even if the feed costs per unit gain for the straw- 
based diets were comparable with normal diets, the reduced 
daily gains would result in higher total costs for the high 
straw diets when all overhead costs are considered. In 
addition, if chopped or ground straw diets were used at 
similar levels as in this study, a decrease in daily intake 
and gain along with a poorer feed conversion could result 
(Agriculture Canada, 1974). Thus it appeared in these studies 
that straw was used more economically in maintenance diets 
than in production diets for beef cattle. 

Weathered straw was found to be low in nutritive 
value as seer by analysis, voluntary consumption and 
digestibility measurements. As a result of the relatively 
low nutritive value of straw in any case, it is probable 


that weathered straw should not be used as a feedstuff. 
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If it must be used, it should be mixed with better quality 


feedstuffs and used in maintenance diets. 
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APPENDIX I 
PROCEDURE FOR THE DETERMINATION OF NEUTRAL DETERGENT FIBRE 


Reference: *,GoeringeH.K. pand 4Redy wVianeSoest.:,.1970. -Forage 
fibre analyses (apparatus, reagents, procedures, 
and Some applications. \U.S.D.A. Agriculture 
Handbook No. 0379) Washington, D.sGs p..:5=8. 


Reagents and Equipment 
iG Neutral-detergent solution 


1 litre distilled water 

30 g. sodium lauryl sulfate 

18.1 g. disodium ethylenediamine tetraacetate 
(EDTA), dihydrate crystal, reagent grade 

6.81 g. sodium borate decahydrate, reagent grade 

4,56 g. disodium hydrogen phosphate, anhydrous, 
reagent grade 

10 ml. 2-ethoxyethanol, purified grade 


Put EDTA and Na2Bu07 . 10H20 together in a large 
beaker, add some of the neces water, and heat until 
dissolved; then add to solution containing sodium 
lauryl sulfate and 2-ethoxyethanol. Put Na2HPOy, in 
beaker, add some of the distilled water, and heat until 
dissolved; then add to solution containing other 
ingredients. Adjust pH to 6.9 to 7.1, if necessary. 


on Decahydronaphthalene or commercial foam depressant. 


BR Acetone - a colour-free grade which leaves no residue 
when evaporated. 


4, Soldium sulfite - anhydrous, reagent grade. 


Sie Refluxing apparatus with beakers, ceramic hot plates 
and Pyrex glass reflux condensers. 


oe Vacuum flasks or a vacuum filter manifold. 


Vig Gooch crucibles. 
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Procedure 


Pi Weigh 0.5 to 1.0 g. air-dry feed or fecal sample ground 
to pass a 1 mm. mesh into a beaker of the refluxing 
apparatus. 


Ze Add in order, 100 ml. of neutral detergent solution at 
room temperature, 2 ml. decahydronapthalene (or other 
foam depressant) and 0.5 g. sodium sulfite with a 
calibrated scoop. Heat to boiling. Reduce heat as 
boiling begins, to avoid foaming. Adjust boiling to 
an even level and reflux for 60 minutes from the onset 
of boiling. 


Of Placed previously tared crucibles on vacuum attachment. 
Swirl beaker to suspend solids, and fill crucible. Do 
not admit vacuum until after crucible has been filled. 


4, Use low vacuum at first and increase force as needed. 
Rinse sample into crucible with minimum of hot (90°-100°C) 
water. 

5 Remove vacuum, break up mat, and fill crucible with hot 


water. Filter liquid and repeat washing procedure. 
6. Wash twice with acetone in same manner and suck dry. 


fas Dry crucibles at 100°C for 8 hours and weigh. Yield 
of recovered neutral-detergent fibre is reported as 
per cent of cell wall constituents. 


Sr Feed samples containing high levels of starch may form 
a gel which slows filtering and may increase the apparent 
per cent cell wall constituents. 
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APPENDIX II 
PROCEDURE FOR THE DETERMINATION OF FREE FATTY ACIDS 
Reference: Mosinger, F. 1965. Photometric adaptation of 


Dole's microdetermination of free fatty acids. 
J #ebipid Res.) 66101572159: 


Reagents and Equipment 
Le Extraction Mixture 
40 parts isopropanaol 
10 parts heptane 
Lippert oN. H5S0), 
2% Stock Buffer 
0.5% phenol red in 0.12 M. sodium barbital 
ae Colour Reagent 
99 ml. absolute ethanol 
200 ml. heptane 
Limi, Svock Duiter 


4, Standard palmitate solutions 


0, 0.5, 1.0, 1.5 and 2.0 u moles/ml. in heptane 


56 Matched set of cuvettes with cork stoppers and a set 
of screw capped test tubes - 19 x 150 mn. 

6. Spectronic "20" colourimeter (Bausch and Lomb). 

fie Vortex mixer. 

8. No gas. 

Procedure 


ihe Place 0.5 ml. of plasma, heptane (blank), or standard in 
a screw-capped test tube and add 5 ml. of extraction 
mixture. Stopper the test tube and mix for 10 seconds 
with a Vortex mixer. 


rae Add 3.5 ml. of heptane and 2.0 ml. of distilled water. 
. Stopper the test tube and mix for 10 seconds with a 
Vortex mixer. 
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After allowing at least 30 minutes for the phases to 
separate, pipette 3 ml. of the upper phase into a cuvette. 
Do not disturb the contents of the test tube until 
pipetting is complete or draw any of the acidic lower 
phase into the pipette. 


Bubble No gas, which was previously passed through a 
flask containing heptane, through the solution for 10 
seconds and add 4.5 ml. of colour reagent while continu- 
ing to bubble No through the solution for a further 10 
seconds. Immediately stopper the cuvette. 


The sample has developed its colour within 1 minute. 
The colour is stable for atleast 12 hours. Read all 
cuvettes at 560 mu on the colourimeter. 


To obtain better readings, expand the scale by setting 
the blank at 0.70 absorbance and the 2.0 umole standard 
at 0.15 absorbance. 
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APPENDIX TABLE 1 


Analysis of variance F values for straw-based diets in three 
physical forms being fed at three protein levels 


Variable 


Daily feed intake (kg) 


Daily feed intake 
(g/kg weight®-75) 


Daily digestible energy intake 
Daily crude protein intake 


Daily digestible crude 
protein intake 


Standard deviation of 
weekly feed intake 


Initial weight 


Weight change 


Increase in gastro-intestinal 
Pili at. stant. op test 


Decrease in gastro-intestinal 
fill at end of test 


Weight loss to post-calving 
Calf birth weight 

Initial fat depth 

Final fat Boiss 

Fat depth change 

Plasma free fatty acids 


Plasma urea nitrogen 


Physical Protein 
Orne Cr erence to 1) 
4, o4° 1.18 
Susie 1.65 
pele 0.31 

2 
ae 41.97 
OeetTl e75 ha «| 
1926 ©2797 80 
0.10 0.26 
teeta” «4508 
0.17 0.82 
+82 0.34 
+,.03 0.21 
0.39 Ovid 
0.10 0.22 
0.82 . #3 
0.89 0.15 
125 1.05 
* 
270 Sy Maree) 


| cay, ei 


2.49 


298° 
2.07 
2.64 


Os 


2.68 
0.03 


HH 
uae 


0.49 


31 
16 
42 
78 
3. tae 
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B. it 


cae . x 
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APPENDIX TABLE 2 


Analysis of variance F values for straw-based diets in the 


ground and chopped forms being fed at three protein levels 


124, 


Variable 


Daily feed intake (kg) 


Daily feed intake 
(g/kg weight9.75) 


Daily digestible energy intake 
Daily crude protein intake 


Daily digestible crude 
protein intake 


Initial weight 
Weight change 


Increase in gastro-intestinal 
Til L.avrstarteoL test 


Decrease in gastro-intestinal 
fill at end of test 


Weight loss to post-calving 
Calf birth weight 

Initial fat depth 

Final fat depth 

Fat depth change 

Plasma free fatty acids 


Plasma urea nitrogen 


Physical 
form (F) 


OF25 


0.30 


BN91- 
0.31 
0.08 
0.09 
1.04 
1306 
2.47 
Zin 9D 


Protein 
level (L) 


32 


. 06 
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Shp ae 
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* 
oVindicates. (e <90.10), indicates (P < 0705) and _ 


dicates, (P%s<- 0.01). 
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APPENDIX TABLE 3 


Analysis of variance F values for intake and digestibility of 
pelleted, ground and chopped diets 


Variable Treatments 


Daily intake 


Dry matter OK Se 
Gross energy 0.45 
Crude protein 4.87" 
Apparent digestibility 

HH 
Dry matter 49,3 

HH 
Gross energy 5 Bl ees | 

HX 
Cell walls 20.19 

+H 
Acid detergent fibre 19.90 

+H 
Nitrogen (eee 


* HH 8, 
indicates (P < 0.05) and indecates "(Ee \s0.,0L) . 


APPENDIX TABLE 4 
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Analysis of variance F values for intake and digestibility of 


low, medium and high protein diets 


Variable Treatments 
Daily intake 
Dry matter 0232 
Gross energy OnZ7 
: %% 
Crude protein evs 5) 
Apparent digestibility 
Dry matter 0.24 
Gross energy 0.94 
Cell walls 0.02 
Acid detergent fibre 0.08 
: HH 
Nitrogen 10357 


* 
indicates: (P2< 0.01). 
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APPENDIX TABLE 5 


Analysis of variance F values for two protein sources as sup- 
plements to straw-based diets being fed at three protein lev- 


els 
. Variable source Level NS ee tle 
(S) (L) 
Daily feed intake (kg) Page Na 0.24 0.50 
Daily feed intake 
(g/kg weight9-75) 2.75 0.22 0.84 
Daily digestible energy intake 1.95 0.60 0.47 
Daily crude protein intake 0.60 ae a 0.59 
Initial weight 0.24 0.03 O03 
Weight change On72 0.34 O.3t 
Increase in gastro-intestinal 
filimat.starteaof .test O78 One9 2.63 
Decrease in gastro-intestinal 
fill sat-end, of test OreaL roe 0.54 
Weight loss to post-calving 0.06 0.39 O20 
Calf birth weight 0.07 0.26 0.25 
Initial fat depth OeOr 0.93 0225 
Final fat depth Omit 2.05 0713 
Fat depth change 0335 0:57 126 
Plasma free fatty acids Oe 71 0.45 1.29 
: ce 2 

Plasma urea nitrogen 1.29 52.09 0.44 
+% 


indicates (P < 0.01). 
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APPENDIX TABLE 6 


Analysis of variance F values for diets containing three lev- 
els of straw 


Variable eek 
Daily feed intake (kg) Slog 
Daily feed intake (g/ke weight°?’?) 3.66° 
Daily straw intake (kg) Pits 
Daily straw intake (2¢/kg weight?:?5) 2.58 
Daily digestible energy intake 5.72- 
Daily crude protein intake 2.938 
Initial weight 0.54 
Weight change? a.n2° 
Weight change* 13.81. 


Increase in gastro-intestinal fill at start of test 3.40° 


Decrease in gastro-intestinal fill at end of test ?.35 
Weight change to post-calving 12.42" " 
Calf birth weight 1.94 
Initial fat depth 0.98 
Final fat depth < he 
Fat depth change 18.66 
Plasma free fatty acids 3.97° 
Plasma urea nitrogen Tae Oy 


fe) ito ** 
indicates (P < 0.10), indicates (P < 0.05) and in- 
dicates (P < 0.01). 
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APPENDIX TABLE 7 


Analysis of variance F values for straw-based diets supple- 
mented with concentrate or hay 


Variable Treatments 
Daily feed intake (kg) 9.39 | 
Daily feed intake (g/kg weight?’ ?>) 24.77." 
Daily digestible energy intake 7.02" 
Daily crude protein intake 9.78 
Initial weight 0705 
Weight change 11.49 


Increase in gastro-intestinal fill at start of test 2.87 


Decrease in gastro-intestinal fill at end of test i ae 
Weight loss to post-calving 7.64. 
Calf birth weight aa 23 
Initial fat depth Ab, 
Final fat depth 0.34 
Fat depth change 5.93- 
Plasma free fatty acids Wee cc 
Plasma urea nitrogen ESS 


* ‘ He. 
° indicates (P <0.10), imndreates (P, <0.05) and in- 
diteates \GP* <0. 01). 
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APPENDIX TABLE 8 


Analysis of variance F values for steer diets containing 40, 
55 and 70% barley straw 


Variable Treatments 
Daily feed intake ) bea 5? 
Daily digestible energy intake 8.67- 
Daily crude protein intake 3018 
Daily digestible crude protein intake ZsO7 
Feed/gain 9.83° 
Concentrate/gain 18.71 
Digestible energy/gain 0.76 
Initial weight 0.04 
Average daily gain 510° 
Carcass weight 11765” 
Dressing percentage 2.14 
Area of rib eye 0.29 
Fat cover 6.76" 
Marbling 6.14" 
Colour -2.33 
Grade 4,67° 


* : . * ° 
© indicates (P < 0.10), indicates (P <0.05) and in- 
dicates (P' <0/01). 
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APPENDIX TABLE 9 


Analysis of variance F values for intake and digestibility of 
40, 55 and 70% straw diets 


Variable Treatments 


Daily intake 


Dry matter 8.02" 

* 
Gross energy 6.33 
Crude protein Ses: 

Apparent digestibility 

tH 
Dry matter 9.65 

+H 
Gross energy 9.13 
Cell walls 0.66 
Acid detergent fibre 1.42 
Nitrogen 0.99 


* HH 
indicates (P <0.05) and ind peateswce <2. 01). 
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APPENDIX TABLE 10 


Analysis of variance F values for intake and digestibility of 
weathered and new straw diets 


Variable Treatments 


Daily voluntary consumption of straw 5300 


Daily intake during the collection period 


* 
Dry matter Soe 
* 
Gross energy 5.33 
: +H 
Crude protein : 12.80 
Apparent digestibility 
+H 
Dry matter 40.56 
oo 
Gross energy 39.09 
Cell walls Bag2e 
¥% 
Acid detergent fibre 13.89 
° HH 
Nitrogen 10.78 
Calculated digestibility of straw 
tH 
Gross energy 520 52 
*% 
Nitrogen lakes 5 


Hid oey He, 
° indicates (P <0.10), indicates (P <0.05) and in- 
dicates).(P <0.01)). 
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